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PROBLEM TO BE SOLVED: To suppress variation of a 
dynamic range caused by a gamma compensation 
characteristic when digital picture data is compensated 
is compensated by a digital gamma compensation circuit 
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SOLUTION: Digital picture data is compensated by a 
digital gamma compensation circuit 32, and is made 
digital picture data being suitable for an applied voltage - 
transmission characteristic in a liquid crystal display 
section 50R. Next, the digital picture data is converted 
into analog picture data by a DA converter 38, further, 
the analog picture data is amplified by an amplifier 40. 
And a picture is displayed on the liquid crystal display 
section 50R based on the analog picture data. At the 
time, in a digital gamma compensation characteristic, 
when a gradation value of input digital picture data to 
the gamma compensation circuit 32 is the maximum and 
a gradation value of output digital picture data from the 
gamma compensation circuit 32 is less than the 

maximum value, an amplitude factor of the amplifier 40 is changed and a dynamic range of a 
display picture is widened. 
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CLAIMS 



[Claim 1] The process made into the digital image data which amended digital image data in the digital 
gamma correction circuit, and was suitable for the applied-voltage-transmission property in the liquid crystal 
display section, The process which changes into analog image data the digital image data amended in said 
digital gamma correction circuit with a DA converter, The process which amplifies said analog image data 
with an amplifier, and the process which displays an image on said liquid crystal display section based on 
said amplified analog image data, When the gradation value of the input digital image data to said gamma 
correction circuit is max and the gradation value of the output digital image data from said gamma 
correction circuit is smaller than maximum The dynamic range adjustment approach of the liquid crystal 
display characterized by changing the amplification factor in said amplifier and having the adjustment 
process which opens the dynamic range of a display image. 

[Claim 2] It is the dynamic range adjustment approach of the liquid crystal display characterized by 
changing the bias potential which said amplifier consists of operational amplifiers in claim 1, and is supplied 
to said operational amplifier at said adjustment process. 

[Claim 3] The dynamic range adjustment approach of the liquid crystal display which has further the data 
inverter circuit which reverses the logic of the digital image data by which the gamma correction was 
carried out between said gamma correction circuits and said DA converters in claim 2, and is characterized 
by making the amplitude of said bias potential small at said adjustment process. 

[Claim 4] The process made into the digital image data which amended digital image data in the digital 
gamma correction circuit, and was suitable for the applied-voltage-transmission property in the liquid crystal 
display section, The process which changes into analog image data the digital image data amended in said 
digital gamma correction circuit with a DA converter based on reference voltage, The process which 
amplifies said analog image data with an amplifier, and the process which displays an image on said liquid 
crystal display section based on said analog image data, When the gradation value of the input digital image 
data to said gamma correction circuit is max and the gradation value of the output digital image data from 
said gamma correction circuit is smaller than maximum The dynamic range adjustment approach of the 
liquid crystal display characterized by changing said reference voltage of said DA converter, and having the 
adjustment process which opens the die MIKKU range of a display image. 

[Claim 5] In order to amend digital image data to the digital image data suitable for the applied-voltage- 
transmission property in the liquid crystal display section The process which divides into multiple times in 
two or more steps of digital gamma correction circuits, and carries out sequential operation of the digital 
gamma correction, The process which changes into analog image data the digital image data amended in 
said digital gamma correction circuit of the last stage with a DA converter based on reference voltage, The 
process which amplifies said analog image data with an amplifier, and the process which displays an image 
on said liquid crystal display section based on said analog image data, When SACHIRESHON to which the 
gradation value of the output digital image data from the gamma correction circuit of said last stage reaches 
maximum arises before the gradation value of the input digital image data to the gamma correction circuit of 
said last stage reached max Rather than the gamma correction circuit of said last stage, in the front-end 
gamma correction circuit by the side of the preceding paragraph It sets up so that the gradation value of the 
output digital image data from a front-end gamma correction circuit in case the gradation value of the input 
digital image data to this front-end gamma correction circuit is max may become lower than maximum. The 
dynamic range adjustment approach of the liquid crystal display characterized by having the adjustment 
process which adjusts the dynamic range of a display image. 

[Claim 6] The liquid crystal display section and the digital gamma correction circuit which amends digital 
image data to the digital image data suitable for the applied-voltage-transmission property in the liquid 
crystal display section, The DA converter which changes into analog image data the digital image data 



amended in said digital gamma correction circuit, When the gradation value of the amplifier which amplifies 
* said analog image data, and the input digital image data to said gamma correction circuit is max and the 
gradation value of the output digital image data from said gamma correction circuit is smaller than 
maximum The liquid crystal display characterized by changing the amplification factor in said amplifier and 
having a means to expand the dynamic range of a display image. 

[Claim 7] The liquid crystal display section and the digital gamma correction circuit which amends digital 
image data to the digital image data suitable for the applied-voltage-transmission property in the liquid 
crystal display section, The DA converter which changes into analog image data the digital image data 
amended in said digital gamma correction circuit based on reference voltage, When the gradation value of 
the amplifier which amplifies said analog image data, and the input digital image data to said gamma 
correction circuit is max and the gradation value of the output digital image data from said gamma 
correction circuit is smaller than maximum The liquid crystal display characterized by changing said 
reference voltage of said DA converter, and having a means to expand the dynamic range of a display 
image. 

[Claim 8] With the liquid crystal display section, in order to amend to the digital image data suitable for the 
applied- voltage-transmission property in the liquid crystal display section, digital image data Two or more 
steps of digital gamma correction circuits which divide into multiple times and carry out sequential 
operation of the digital gamma correction, The DA converter which changes into analog image data the 
digital image data amended in said digital gamma correction circuit of the last stage based on reference 
voltage, Before the gradation value of the input digital image data to the amplifier which amplifies said 
analog image data, and the gamma correction circuit of said last stage reaches max When SACHIRESHON 
to which the gradation value of the output digital image data from the gamma correction circuit of said last 
stage reaches maximum arises Rather than the gamma correction circuit of said last stage, in the front-end 
gamma correction circuit by the side of the preceding paragraph It sets up so that the gradation value of the 
output digital image data from a front-end gamma correction circuit in case the gradation value of the input 
digital image data to this front-end gamma correction circuit is max may become lower than maximum. The 
liquid crystal display characterized by having a means to adjust the dynamic range of a display image. 
[Claim 9] Electronic equipment characterized by having a liquid crystal display according to claim 6 to 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the adjustment approach of a dynamic range in the liquid 
crystal display and electronic equipment which have the digital gamma correction circuit which amends the 
inputted digital image data to the digital image data which suited the applied- voltage-transmission property 
of the liquid crystal display section, and its equipment. 
[0002] 

Background Art and Problem(s) to be Solved by the Invention] As for the image display section of 
electronic equipment, the thin liquid crystal display panel has spread instead of the conventional, 
comparatively large-sized CRT. A liquid crystal display panel does not have the linear T-V property shown 
with the relation between applied voltage V and permeability T as shown in drawing 17 . Especially, near 
[ where a gradation value is low ] black level, change of permeability T has decreased to change of applied 
voltage V. Therefore, near black level, to change of image data (applied voltage V), there will be little 
change of gradation (light transmittance T), and the resolution in this field will fall. It is called the gamma 
correction in a liquid crystal display to amend so that this may be amended and it may consider as proper 
resolution in all fields. 

[0003] On the other hand, since there is same phenomenon in which an input signal electrical potential 
difference and a radiant power output do not become a linear in CRT containing a television television 
machine, as for the TV signal transmitted with NTSC system, the gamma correction for CRT is beforehand 
performed in the phase of a photography camera etc. Therefore, in the television television machine side 
using CRT, a gamma correction becomes unnecessary. 

[0004] Here, it is well-known to carry out the gamma correction in a photography camera in digital one. The 
example which carries out [ the example ] a straight-line approximation operation and carries out a gamma 
correction with a photography camera is indicated by patent No. 2542864 and JP,8-32837,A. Using together 
a straight-line approximation operation and memory in JP,2-230873,A, and carrying out a digital gamma 
correction to it with a photography camera is indicated. 

[0005] if the gamma correction for CRT is unnecessary on the contrary and a gamma correction finally is 
not carried out here according to the T-V property of a liquid crystal display panel, in order to carry out 
image display to a liquid crystal display panel based on a TV signal — 7 — it is — ** 
[0006] In case image display is carried out in the projector using the liquid crystal display panel as a light 
valve based on a TV signal, carrying out a gamma correction is indicated by JP,8-186833,A. However, in 
invention of this official report, since the gamma correction of that latter part was analogically carried out 
while carrying out the gamma correction in the preceding paragraph, IC-ization of a liquid crystal drive 
circuit including a gamma correction circuit was not completed. 

[0007] The gamma correction property of an one-point crease as shown in drawing 19 had amended the 
gamma correction by this analog using diode etc. 

[0008] However, since a property differed in diode each, the adjustment for a property uniform at each 
liquid crystal display was complicated. Moreover, if it was in some which use a total of three liquid crystal 
display panels within the same device by R, G, and B like a color projector, adjustment between the three 
liquid crystal display panels was also needed and complicated. 

[0009] Furthermore, in the gamma correction property of an one-point crease, the limitation was naturally 
generated like drawing 19 to secure [ can amend only the black level field of the T-V property shown in 
drawing 17 as compared with the ideal gamma correction property shown in drawing 18 , but ] the exact 
amendment suitable for a T-V property, since amendment in the black level field is also amendment by 
straight-line approximation. 



[0010] In advancing IC-ization of a liquid crystal drive circuit including the digital gamma correction circuit 
which carries out a gamma correction to digital image data, by the image data after a gamma correction, the 
case where the dynamic range of a liquid crystal display screen became narrow arose, and this invention 
person etc. examined the adjustment approach of****, and its equipment. 

[001 1] Drawing 23 and drawing 24 are the property Figs, explaining the need for dynamic range adjustment. 
The gradation value (8 bits) of the input data at the time of a gamma correction is expressed with an axis of 
abscissa, and output data (9 bits) are expressed with both drawing 23 and drawing 24 to the axis of ordinate. 
[0012] Drawing 23 shows the example with a narrow dynamic range. As drawing 23 , at the time of the 
maximum gradation value 255 of input data, output data did not become in the maximum gradation value 
511, but have stopped at the gradation value 500. 

[0013] On the other hand, in drawing 24 , when the gradation value of input data is 250, the maximum 
gradation value 511 of output data is already reached. If it puts in another way, even if input data changes to 
the gradation values 250-255, the so-called SACHIRESHON with which output data are saturated in the 
fixed maximum gradation value 511 has arisen. 

[0014] The purpose of this invention is to provide with equipment and electronic equipment the dynamic 
range adjustment approach list of a liquid crystal display which can adjust simply fluctuation of the dynamic 
range in the liquid crystal display screen which originates in a gamma correction property etc. and is 
produced at the time of a liquid crystal display. 
[0015] 

[Means for Solving the Problem] The dynamic range adjustment approach of the liquid crystal display 
concerning invention of claim 1 The process made into the digital image data which amended digital image 
data in the digital gamma correction circuit, and was suitable for the applied- voltage-transmission property 
in the liquid crystal display section, The process which changes into analog image data the digital image 
data amended in said digital gamma correction circuit with a DA converter, The process which amplifies 
said analog image data with an amplifier, and the process which displays an image on said liquid crystal 
display section based on said amplified analog image data, When the gradation value of the input digital 
image data to said gamma correction circuit is max and the gradation value of the output digital image data 
from said gamma correction circuit is smaller than maximum It is characterized by changing the 
amplification factor in said amplifier and having the adjustment process which opens the dynamic range of a 
display image. Moreover, the electronic equipment by which invention of claim 9 used it for the liquid 
crystal display with which invention of claim 6 enforces the approach of claim 1 is defined. 
[0016] Even if it is as the gamma correction property in a digital gamma correction circuit being drawing 23 
according to invention of claims 1, 6, and 9, the dynamic range of a display image can be opened by 
changing the amplification factor of image data in the whole floor tone range with the amplifier of the latter 
part of the digital gamma correction circuit. 

[0017] Here, as shown in claim 2, when said amplifier consists of operational amplifiers, said adjustment 
process can adjust a dynamic range by changing said bias potential supplied to said operational amplifier. 
[0018] Moreover, as shown in claim 3, when it has further the data inverter circuit which reverses the logic 
of the digital image data by which the gamma correction was carried out between said gamma correction 
circuits and said DA converters, at said adjustment process, a dynamic range can be opened by making the 
amplitude of bias potential small. 

[0019] The dynamic range adjustment approach of the liquid crystal display concerning invention of claim 4 
The process made into the digital image data which amended digital image data in the digital gamma 
correction circuit, and was suitable for the applied- voltage-transmission property in the liquid crystal display 
section, The process which changes into analog image data the digital image data amended in said digital 
gamma correction circuit with a DA converter based on reference voltage, The process which amplifies said 
analog image data with an amplifier, and the process which displays an image on said liquid crystal display 
section based on said analog image data, When the gradation value of the input digital image data to said 
gamma correction circuit is max and the gradation value of the output digital image data from said gamma 
correction circuit is smaller than maximum It is characterized by changing said reference voltage of said DA 
converter, and having the adjustment process which opens the die MIKKU range of a display image. 
Moreover, the electronic equipment by which invention of claim 9 used it for the liquid crystal display with 
which invention of claim 7 enforces the approach of claim 4 is defined. 

[0020] According to invention of claims 4, 7, and 9, when the same problem as invention of claim 1 arises, 
the reference voltage of a DA converter can be changed and the die MIKKU range of a display image can be 
opened. 

[0021] The dynamic range adjustment approach of the liquid crystal display concerning invention of claim 5 



In order to amend digital image data to the digital image data suitable for the applied- voltage-transmission 
property in the liquid crystal display section The process which divides into multiple times in two or more 
steps of digital gamma correction circuits, and carries out sequential operation of the digital gamma 
correction, The process which changes into analog image data the digital image data amended in said digital 
gamma correction circuit of the last stage with a DA converter based on reference voltage, The process 
which amplifies said analog image data with an amplifier, and the process which displays an image on said 
liquid crystal display section based on said analog image data, When SACHIRESHON to which the 
gradation value of the output digital image data from the gamma correction circuit of said last stage reaches 
maximum arises before the gradation value of the input digital image data to the gamma correction circuit of 
said last stage reached max Rather than the gamma correction circuit of said last stage, in the front-end 
gamma correction circuit by the side of the preceding paragraph It is characterized by setting up so that the 
gradation value of the output digital image data from a front-end gamma correction circuit in case the 
gradation value of the input digital image data to this front-end gamma correction circuit is max may 
become lower than maximum, and having the adjustment process which adjusts the dynamic range of a 
display image. Moreover, the electronic equipment by which invention of claim 9 used it for the liquid 
crystal display with which invention of claim 8 enforces the approach of claim 5 is defined. 
[0022] According to invention of claims 5, 8, and 9, when the gamma correction property in the gamma 
correction circuit of the last stage becomes as drawing 24 , the dynamic range of a display image can be 
adjusted by changing the gamma correction property of a front-end gamma correction circuit into the 
property of drawing 32 from the property of the continuous line of drawing 2 . 
[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. 

[0024] (Explanation by the whole data-processing circuit) Drawing 1 is the block diagram showing roughly 
data processing / liquid crystal display drive circuit for driving a liquid crystal display panel. This example 
shown in drawing 1 is applied to the projector which used three liquid crystal display panels as a light valve 
for R, G, and B, respectively. In addition, although the active-matrix substrate which used TFT as a 
switching element constitutes three liquid crystal display panels from this example, it is also possible to use 
other liquid crystal display substrates. 

[0025] In drawing 1 , the liquid crystal display of this projector is divided roughly, and it has the board 10 
for signal processing shared by data processing of each colors R, G, and B, each colors R and G and the 
boards 30R, 30G, and 30B only for liquid crystal displays prepared in every B, and the liquid crystal display 
panels 50R, 50G, and 5 0B which function as a light valve of three sheets, respectively. 
[0026] The board 10 for signal processing can also be used as the board for whole control on which the 
component which realizes the following function besides the various circuits for projectors (not shown) 
which are electronic equipment of this example, and a circuit are carried. First, it has the 1st input terminal 
12 which inputs the TV signal of analogs, such as NTSC and PAL, and the 2nd input terminal 14 which 
inputs digital picture signals, such as a computer output and a CDROM output, as an image entry-of-data 
terminal. Here, the gamma correction is not performed to the digital picture signal as which the TV signal of 
an analog inputted into the 1st input terminal 12 is inputted into the 2nd input terminal 14 although the 
gamma correction is performed in consideration of the property of CRT. In addition, it is also possible to 
prepare other terminals which input the digital picture signal with which gamma corrections for CRT, such 
as a CCD camera output, were performed. 

[0027] AD converter 16 is connected to the 1st input terminal 12, and the analog to digital of the TV signal 
is carried out. Furthermore, the digital decoder 18 is connected to AD converter 16. This digital decoder 18 
The luminance signal Y and color-difference signals U and V in a TV signal are decoded to R of three 
colors, G, and B signal. 

[0028] The frame memory 20 is formed in the latter part of the digital decoder 18. The data inputted through 
the 1st input terminal 12 are written in by one frame in a frame memory 20 through AD converter 16 and the 
digital decoder 18. It is inputted through the 2nd input terminal 14, and digital one R, G, and B data are 
directly written in a frame memory 20. In addition, when interlaced scanning is carried out by the liquid 
crystal display panels 50R, 50G, and SOB, each data of R, G, and B for one frame is divided and read to the 
2 field in order of [ frame memory / 20 ] odd lines and even lines. 

[0029] The primary gamma correction circuit 24 is connected to the latter part of a frame memory 20 
through the switch 22. This switch 22 makes that data output to the primary gamma correction circuit 24, 
when the data from a frame memory 20 are data inputted through the 1st input terminal 12. The digital 
image data of R, G, and B which are the CCD camera output mentioned above is similarly inputted into the 



primary gamma correction circuit 24. On the other hand, when the data from a frame memory 20 are data 
inputted through the 2nd input terminal 14, a switch 22 does not lead the data to the primary gamma 
correction circuit 24, but leads it to the boards 30R, 30G, and 30B only for liquid crystal displays directly 
through the bypass line 26. In addition, about the detail of the primary gamma correction circuit 24, it 
mentions later. 

[0030] Next, board 30only for liquid crystal displays R and liquid crystal display panel 50R are explained 
with reference to drawing 5 . Drawing 5 R> 5 shows the block diagram of IC for a liquid crystal drive 
carried in board 30only for liquid crystal displays R, and the configuration of IC for a liquid crystal drive 
about other colors G and B of it is also the same as the configuration of a color R. 

[0031] The secondary gamma correction circuit 32 is established in board 30only for liquid crystal displays 
R. It mentions later also about the detail of this secondary gamma correction circuit 32. 
[0032] The phase expansion circuit 34 is established in the latter part of the secondary gamma correction 
circuit 32. This phase expansion circuit 34 is carrying out phase expansion of data, in order to lower the 
drive frequency in liquid crystal display panel 50R. For this reason, as shown in drawing 5 , it has a shift 
register 200 and a latch circuit 202. In drawing 5 , it is the example of explanation which performs 4 phase 
expansion in N= 4 for convenience. Actuation of the phase expansion circuit 34 of this drawing 5 is 
explained with reference to the timing chart of drawing 16 . 

[0033] Corresponding to the dot clock of drawing 16 , the data of each pixel are serially inputted into this 
phase expansion circuit 34. As an output from a shift register 200, when shown in drawing 16 R> 6, it 
passes, and the output line of R color data is divided into N book, the data of 0 and 0+N, 0+2 Ns, and the 
pixel of — are assigned to the 1st output line, and the 2nd output line assigns the data of 1 and 1+N, 1+2 Ns, 
and the pixel of—, and assigns and outputs the data of a pixel to the two remaining output lines similarly. If 
it carries out like this, data time amount of the pixel of each output line can be made into N times of the 
original data time amount. This is called N phase expansion. Thus, since the data time amount of each pixel 
becomes long, the sampling frequency at the time of carrying out a data sampling serves as 1-/N in liquid 
crystal display panel 50R, especially when a pixel consistency is a high liquid crystal display panel, it can 
consider as the sampling frequency doubled with the responsibility of a switching element. In addition, 
when liquid crystal display panel 50R is the thing of the high pixel consistency called XGA, unless it carries 
out phase expansion, the data sampling frequency in a liquid crystal display panel turns into high frequency 
of no less than 65MHz, and cannot answer in TFT. Then, 12 phase expansion set to N= 12 was carried out, 
and it has lowered to the sampling frequency which can answer in TFT. In the case of VGA and SVGA 
which are a low pixel consistency, the sampling frequency which can answer in TFT is obtained by 6 phase 
expansion set to N= 6 rather than this. 

[0034] In this example, the data of four output lines in 4 phase expansion are latched to the timing same at a 
latch circuit 202. Consequently, the output of a latch circuit 202 becomes as it is shown in drawing 16 , and 
the phase of the data of each output line is arranged. Each data of four output lines may be sampled to 
different timing or the same different timing in liquid crystal display panel 50R, without forming this latch 
circuit 202. 

[0035] The polarity-reversals circuit 36 is established in the latter part of the phase expansion circuit 34. 
This polarity-reversals circuit 36 is formed in order to reverse ****** of the electric field impressed to the 
liquid crystal of each pixel of liquid crystal display panel 50R with a predetermined period and to carry out a 
polarity-reversals drive. In this example, since the switching element of a liquid crystal display panel is 
constituted from TFT, the polarity of the data potential supplied to a pixel on the basis of the potential of the 
common electrode formed in the TFT substrate and the substrate which counters is reversed, and it drives. 
[0036] What is necessary is just to reverse the logic of digital data as processing of the digital data for these 
polarity reversals. For this reason, the polarity-reversals circuit 36 has four selectors 212A-212D which 
choose and output four inverters 210A-210D which reverse the data logic of four output lines, and one data 
before and behind reversal, as shown in drawing 5 . When carrying out a polarity-reversals drive for every 
pixel, the data before reversal are chosen by the 1st and 3rd selector 212A and 212C, and the data after 
reversal are chosen by the 2nd and 4th selector 212B and 21 2D. 

[0037] DA converter 38 which has four converters 38A-38D is formed in the latter part of the polarity- 
reversals circuit 36, and digital to analog of the polarity-reversals data which are N Rhine by which phase 
expansion was carried out is carried out, respectively. This analog signal serves as an output of the liquid 
crystal display drive IC. 

[0038] In addition, the timing generating circuit 220 is established in the liquid crystal display drive IC, and 
a timing signal required of the phase expansion circuit 34, the above-mentioned polarity-reversals circuit 36, 
and above-mentioned DA converter 38 is generated based on an image synchronizing signal. 



[0039] As shown in drawing 1 , the amplifier 40 and the buffer 42 are further formed in board 30only for 
liquid crystal displays R. The data superimposed on the bias voltage corresponding to forward and a 
negative polarity-reversals drive with the amplifier 40, for example, an operational amplifier, are supplied to 
liquid crystal display panel 50R through a buffer 42, and the polarity-reversals drive of the liquid crystal 
display panel 5 OR is carried out based on this data for every predetermined predetermined periods for every 
[ 1 dot, ] line. 

[0040] (Relation between a primary gamma correction and a secondary gamma correction) In this example, 
the gamma correction is carried out in 2 steps. The gamma correction carried out first is called a primary 
gamma correction, and the 2nd amendment is called a secondary gamma correction. However, in 
amendment sequence, since each is digital amendment in this example, even if reverse, the same result is 
obtained. However, like this example, the direction which carried the secondary gamma correction circuit 32 
in the boardR [ 30 ] and 30G only for liquid crystal displays and 30B side becomes simple [ the adjustment 
process of the liquid crystal display panel mentioned later ], and IC-ization of the circuit carried in the board 
only for liquid crystal displays is attained. 

[0041] Here, the primary gamma correction of this example is to return the image data to which the gamma 
correction for CRT was mainly performed to the original data before the gamma correction for CRT. 
Therefore, amendment data can be determined regardless of the property of each liquid crystal panel 
originally, and this point is different from the secondary gamma correction mentioned later. It is the case 
where it aims only at discharge of the gamma correction for CRT in a primary gamma correction, and when 
the image data by which the gamma correction for CRT is not made is inputted, it becomes unnecessary to 
pass the primary gamma correction circuit 24 using the bypass line 26 as above-mentioned. When the image 
data to which it replaced with this, for example, the gamma correction for CRT was always performed is 
inputted, other functions, such as amendment which suited some fields (for example, white-level side) of the 
T-V property shown in drawing 17 , may be added to the primary gamma correction circuit 24. Since the 
primary gamma correction circuit 24 of this example uses a RAM table, it can respond [ that these functions 
are only added to the amendment data memorized by the RAM table, and ]. 

[0042] On the other hand, the secondary gamma correction circuit 32 makes it the key objective to carry out 
the gamma correction suitable for the T-V property of each liquid crystal display panel shown in drawing 
17 . For every liquid crystal display panel, since this T-V property is various, it is different from a primary 
gamma correction in that adjustment is surely required. Thus, since modification of gamma correction data 
is required according to each liquid crystal display panel, the high contents of amendment of the need for 
modification are carried out as a secondary gamma correction separately from the amendment (primary 
gamma correction) whose need for modification makes a key objective discharge of the low gamma 
correction for CRT. And an adjustment process becomes simple by carrying this secondary gamma 
correction circuit 32 in the boat only for liquid crystal displays, and considering as the configuration of a 
display panel and one. Furthermore, by carrying out separately from a primary gamma correction the high 
secondary gamma correction of the need for modification in this way, since the operation in the case of 
modification of secondary gamma correction data is simplified, high amendment of precision can be carried 
out. 

[0043] (Explanation of a primary gamma correction circuit) Next, the detail of the primary gamma 
correction circuit 24 is explained with reference to drawing 2 . 

[0044] Drawing 2 shows an example of the transfer characteristic of the primary gamma correction carried 
out in the primary gamma correction circuit 24, and expresses output data with the axis of abscissa for the 
input data to the axis of ordinate with 256 gradation (8 bits), respectively. It is in the purpose of this primary 
gamma correction performing the primary gamma correction of the continuous line of drawing 2 to this, and 
returning it to the original data before the gamma correction for CRT (linear property shown with the broken 
line of drawing 2 ) substantially, since the gamma correction for CRT (alternate long and short dash line of 
drawing 2 ) performed to the TV signal inputted through the 1st input terminal as above-mentioned is 
performed. 

[0045] This primary gamma correction circuit 24 consists of RAM which memorized the amendment data 
addressed based on the inputted image data. That is, if the data X on the axis of abscissa of drawing 2 are 
inputted, the data Y which matched with the address generated according to this input data X, and were 
memorized beforehand will be read from RAM, and a primary gamma correction will be carried out. 
Thereby, the image data after a primary gamma correction serves as an almost linear property, as a broken 
line shows to drawing 2 . 

[0046] Here, the reason which carried the primary gamma correction circuit 24 in the board 10 for signal 
processing is as follows. That is, it is because it is as the purpose of a primary gamma correction being a 



****, so it is possible to be able to carry out this primary gamma correction regardless of the property of a 
liquid crystal display panel originally, and to ignore and produce and inspect the property of each liquid 
crystal panel. 

[0047] However, in this example, after connecting electrically three board 30for liquid crystal displays R, 
and G and B, the data of the RAM table which constitutes the primary gamma correction circuit 24 from 
relation with the property of each liquid crystal display panel 50R, and G and B are made rewritable. [ the 
board 10 for signal processing and ] Data rewriting of this RAM can be carried out at the adjustment process 
in the works before shipment of equipment, and also a user may be made to perform it by operating a 
control unit. About data rewriting of this RAM, it mentions later. 

[0048] (Explanation of a secondary gamma correction circuit) An example of the secondary gamma 
correction circuit 32 shown in drawing 1 is shown in drawing 5 . Moreover, the amendment property of the 
secondary gamma correction carried out in the secondary gamma correction circuit shown in drawing 5 is 
shown in drawing 6 . The T-V property by the side of black level is mainly compensated with the 
amendment property of drawing 6 . For this reason, it is also possible to give the function of the gamma 
correction of fields other than near black level in the primary gamma correction circuit 24. 
[0049] Moreover, drawing 6 expresses the input data of 256 gradation (8 bits) with an axis of abscissa, and 
expresses the output data of 512 gradation (9 bits) to the axis of ordinate, respectively. Thus, it enables it for 
a secondary gamma correction to express gradation which is different also in a field with little rate of change 
with outputting with the bigger number of bits than the number of bits of input data. Although the number of 
gradation of output data was made into 512 twice as many gradation as this to the input data this time, it is 
also possible to make it 1024 4 times as many gradation as this etc. if needed. 

[0050] In addition, if the number of bits of output data is made into the integral multiple of the number of 
bits of input data, and all these output data are stored in RAM like a primary gamma correction, it will 
become difficult for the capacity of that RAM to increase, and for power consumption to increase, and to 
build RAM in IC. So, in this example, as follows, the output data of the field A of drawing 6 are made to 
store in RAM, and the capacity is lessened. 

[0051] In drawing 5 , this secondary gamma correction circuit 32 is divided roughly, and it has amendment 
section 32A using RAM used for the secondary gamma correction of the field A of the hatching section of 
drawing 6 , and straight-line approximation amendment operation part 32B used for the secondary gamma 
correction of the other field B of drawing 6 . Here, the straight line of the field B of drawing 6 is expressed 
with Y=a-X+b, inclines, calls a data, and calls offset data the value b of Y at the time of X= 0. Moreover, 
input data c located in the boundary of Fields A and B is called boundary data. 

[0052] This secondary gamma correction circuit 32 has the address generation section 100 and RAM 102 as 
amendment section 32A for carrying out the secondary gamma correction in Field A as it is shown in 
drawing 5 . The address generation section 100 generates the address based on inputted image data X, and 
the amendment data Y in the address and corresponding RAM 102 are read. Since the boundary data c are 
inputted into the address generation section 100, when the image data of a larger value than the boundary 
data c is inputted, the address does not occur from the address generation section 100. Therefore, it is not 
accessed by RAM 102 in this case, but that part power consumption can be reduced. 

[0053] On the other hand, as straight-line approximation amendment operation part 32B which carries out 
the secondary gamma correction in the field B of drawing 6 , offset data b is added to the output of the 1st 
selector 1 06 which chooses at least one bit shifter output based on the inclination data a to which the bit shift 
of the input image data is carried out, and which are set up, for example with three bit shifters 104A, 104B, 
and 104C, and the 1st selector 106, and it has the adder 108 which calculates Y=a-X+b. 
[0054] Bit shifter 104A makes one bit shift of input image data X a high order side, and outputs the value of 
2 and X. Bit shifter 104B makes one bit shift of input image data X a low order side, and outputs the value 
of -(1/2) X. Bit shifter 104C makes two bit shifts of input image data X a low order side, and outputs the 
value of -(1/4) X. 

[0055] In the 1st selector 106, when the inclination data a are "1/4", "1/2", "3/4", "2", "2+1/4", and "2+3/4", 
1 or two or more outputs are chosen. [ / of the bit shifters 104A-104C ] 

[0056] The field decision section 110 compares the value of input image data with the boundary data c, if it 
is X<=c, it will judge it as Field A, and if it is X>c, it will be judged that it is Field B. Based on the decision 
result in this field decision section 110, the 2nd selector 1 12 chooses the output of RAMI 02 at the time of 
Field A, and chooses and outputs the output of an adder 108 at the time of Field B. 
[0057] By this example, using RAMI 02, the field A whose rate of change of the applied- voltage- 
permeability of drawing 6 is not uniform has the almost fixed rate of change of applied- voltage- 
permeability, and has obtained amendment data by the straight-line approximation operation in the field B 



used as the property near a straight line. In the field near [ where a gradation value is low ] black level, to 
change of applied voltage, the purpose of this secondary gamma correction has little change of transmission, 
and preventing the fall of the resolution in the field near [ which originates in this and is produced ] black 
level has the T-V curve of drawing 17 which shows the applied voltage V of a liquid crystal display panel, 
and correlation with light transmittance T. For this reason, since only the amendment data of Field A are 
stored in RAM 102, capacity of RAM 102 can be made small, power consumption can be lessened, and 
RAM 102 can be made to build in IC in this example. 

[0058] (modification of secondary gamma correction data) Since the properties of each liquid crystal display 
panel differ, respectively, before the shipment for works, they need to adjust gamma correction data 
according to the property of each liquid crystal display panel at least. For this reason, as shown in drawing 
7 , based on the information from the actuation input section 300 and PROM302, the control unit 300 which 
inputs the data for adjustment, and the storage section 302, for example, PROM, the T-V property of each 
panel is remembered to be, it has CPU304 which calculates and asks for various adjustment data. In 
addition, when these actuation input section 300, and PROM302 and CPU304 enable such adjustment only 
in a factory-shipments phase, they are built in the device for adjustment installed in works, and when a user 
can adjust, they are carried in the substrate 10 for whole control, substrate 30for liquid crystal displays R, or 
the other built-in substrate, those actuation — a case - dividing - carrying out - explaining . 
[0059] At the adjustment process before the factory shipments of this equipment, the T-V property of each 
liquid crystal display panels 50R, 50G, and SOB is measured, and PROM302 memorizes, respectively. Then, 
a predetermined pattern is displayed on the liquid crystal display panels 50R, 50G, and SOB, and it is 
visually observed and inspected on the projector screen with which this panel top, or R, G and B were 
compounded. 

[0060] What is necessary is just to change the data a, b, and c supplied to the contents and straight-line 
approximation operation part of RAMI 02, in order to change the secondary gamma correction data in the 
field A of drawing 6 as a result of this inspection. For example, the case where the command which raises 
the gradient of the field A of drawing 6 , and its amount are inputted through the rotatable knob of the 
actuation input section 300 is explained. In this case, based on the T-V property in PROM302, CPU304 
calculates the amendment data of RAMI 02 in the 2nd gamma correction section 32, and rewrites the 
amendment data in RAM 102 based on that result of an operation. Moreover, CPU304 also changes the 
amendment data of Field B with modification of the amendment data of Field A. This change is made by 
carrying out a modification setup of the inclination data a and the offset data b. Furthermore, it is also 
possible to change the boundary location of Fields A and B based on the command from the actuation input 
section 300, and CPU304 should just change the boundary data c in this case. 

[0061] (modification of primary gamma correction data) At this example, the contrast ratio and brilliance 
control which reach the whole screen are made possible by changing the primary gamma correction data 
about the whole screen. 

[0062] Adjustment of this contrast ratio is carried out by operating the rotatable knob for contrast ratio 
adjustment of the actuation input section 300. For example, it can change into the primary gamma correction 
property of the broken line of drawing 3 with a bigger inclination than it from the primary gamma correction 
property of the continuous line of drawing 3 . Thus, a contrast ratio becomes large by rewriting the 
amendment data of the RAM table in the primary gamma correction circuit 24 so that contrast ratio 
adjustment data may be included. 

[0063] On the other hand, a brilliance control is carried out by operating the rotatable knob for the brilliance 
controls of the actuation input section 300. For example, with the inclination of the primary gamma 
correction property of the continuous line of drawing 4 maintained, the whole can be shifted so that it may 
become the primary gamma property of the broken line of drawing 4 . Thus, the brightness of the whole 
screen becomes low by rewriting the amendment data of RAM which constitutes the primary gamma 
correction circuit 24 so that the data for brilliance controls may be included. 

[0064] thus, in order to adjust the contrast ratio of the whole screen, and brightness, it can respond easily by 
rewriting the contents of the RAM table for primary gamma corrections which memorized the do not come 
out RAM table 102 for secondary gamma corrections, and concerning all fields primary gamma correction 
data which memorized the amendment data of some fields. 

[0065] (dynamic range adjustment of a liquid crystal display screen) The need for dynamic range adjustment 
was already first explained with reference to drawing 23 and drawing 24 . 

[0066] Then, the adjustment which opens the narrow dynamic range in the case of drawing 23 first is 
explained. For this reason, the adjusting device of drawing 7 is improved to either drawing 25 or drawing 
26 . In addition, although a user operates the actuation input section 300 and carries out manually, since 



CPU304 can recognize the contents of the others and secondary gamma correction to be unusual, the 
following dynamic range adjustments of a factory-shipments front stirrup are possible also for CPU304 
emitting an adjustment command automatically based on the recognition result. 
[0067] In addition to the configuration of the adjusting device of drawing 7 , drawing 25 has the bias 
generating circuit 306 which changes the bias voltage on which it is superimposed with an amplifier 40 
based on the command from CPU304. In addition, the actuation input section 300 of drawing 25 has a 
control unit for dynamic range adjustment, and a bias voltage modification command is automatically made 
from CPU300 in the bias generating circuit 306 based on the actuation input. 

[0068] Here, the configuration and its actuation of amplifier 40 are explained using drawing 27 and drawing 
28 . Drawing 27 shows the circuitry of the amplifier 40 in 4 phase expansion of N= 4. Operational 
amplifiers 40A-40D are connected to four DA converters 38A-38D. And common connection of the output 
of the bias generating circuit 306 is made at the bias input line of four operational amplifiers 40A-40D. 
[0069] Actuation of two operational amplifiers 40 A and 40B with which each other is adjoined in the 
polarity-reversals drive in every dot is explained with reference to drawing 28 . 

[0070] the wave by which the DA translation was carried out, without carrying out digital polarity reversals 
as it was shown in drawing 28 when the slash upward slanting to the right showed image data so that it 
might display over the whole floor tone range within an one-line period — if the DA translation of the data 
by which digital polarity reversals were carried out for every line is carried out by DA converters 38A and 
3 8B to 310 — respectively — a wave ~ it becomes the passage of 312 and 314. 
[0071] drawing 28 — operational amplifier 40 A — an output wave — the bias wave on which 312 is 
overlapped — 316 and its output wave 318 illustrate — having — the same — operational amplifier 40B — an 
output wave — the bias wave on which 314 is overlapped — 320 and its output wave 322 are illustrated, in 
addition, a bias wave — since it is inputted into the inversed input terminal of operational amplifiers 40A and 
40B, 316,320 has been shown as a reversed wave. 

[0072] 180 degrees of those phases have shifted so that clearly from the comparison of bias wave 316,320. 
and a bias wave — the potential VI of the amplitude pin center,large of 316,320 is offset from the potential 
V2 (common electrode potential in the case of TFT liquid crystal) of an output wave-amplitude pin 
center,large. 

[0073] Here, when a proper dynamic range is securable with each wave explained by drawing 28 , as shown 
in drawing 29 R> 9, the output wave of DA converter 38 A in the case of becoming narrow of a dynamic 
range is set to 312a. the bias wave same to this wave 312a as drawing 28 — if 316 is made to superimpose, 
that output wave will be set to 318a. this output wave 318a — the output wave of drawing 28 — a dynamic 
range becomes narrow so that contrast with 318 may show. 

[0074] then, the bias wave of operational amplifier 40A — 316 — a bias wave with the amplitude smaller 
than it — it changes into 319. wave 312a and a bias wave — a wave when 319 is made to superimpose, as the 
output wave is shown in drawing 29 — it is set to 321. the output wave after this bias modification — as for 
321, the absolute value of driver voltage has fallen rather than output wave 318a before modification. 
[0075] the driver voltage range based on [ drawing 30 is the property Fig. showing the relation of the 
applied voltage and the permeability to liquid crystal, and ] output wave 3 1 8a — deltaV and the output wave 
after adjustment — deltaV is shown in the driver voltage range based on 321. the permeability range which 
corresponds the driver voltage range based on [ so that drawing 30 may show ] output wave 318a with 
deltaV — deltaT — it is — an output wave — the permeability range which corresponds the driver voltage 
range based on 321 with deltaV 1 is deltaT*. The transmission on the applied- voltage-transmission property of 
liquid crystal and by the side of black level has a large change of transmission in a white-level side to hardly 
changing to change of applied voltage. Therefore, it becomes delta T<delta T ! and a dynamic range can be 
opened. 

[0076] Thus, like drawing 23 , if the amplitude of bias potential is adjusted so that it may become small, 
since the transmission variability region of liquid crystal can extend, the dynamic range in a liquid crystal 
display screen is expandable also in the case of narrow output data of tonal range. 
[0077] Drawing 26 shows other adjusting devices for opening the narrow dynamic range in the case of 
drawing 23 . In the adjusting device of drawing 2626 , the reference voltage generating circuit 308 which 
changes the reference voltage of DA converter 38 is formed instead of the bias generating circuit 306 of 
drawing 25 . 

[0078] For example, the gradation value 5 1 1 of the output data shown in drawing 23 is inputted into DA 
converter 38, and assumes that the analog output potential at the time of the reference voltage in early stages 
of DA converter 38 was IV. In this case, the reference voltage of DA converter 38 is changed in the 
reference voltage generating circuit 308, and it adjusts so that the analog output potential of this DA 



converter 38 when the gradation value 500 of the output data shown in drawing 23 is inputted into DA 
converter 38 may be set to IV. If it carries out like this, the output of a narrow tonal range will become as 
the same as it was amplified by homogeneity in the whole whole floor tone range like like the output data of 
drawing 23 like the above-mentioned case. Therefore, even if it has secondary gamma correction output 
characteristics shown in drawing 23 , the image data of the analog potential corresponding to the maximum 
gradation can be outputted by changing the reference voltage of subsequent DA converter 38. Consequently, 
the dynamic range in a liquid crystal display screen can extend. 

[0079] Here, when a proper dynamic range is securable with each wave explained by drawing 28 , as shown 
in drawing 3 1 R> 1, when a dynamic range is narrow, the output of DA converter 38 A in the case of having 
no digital polarity reversals is set to wave 310a, and the output of DA converter 38 A in with digital polarity 
reversals is set to wave 312a. this wave 312a — a bias wave — an output wave will be set to 318a if 316 is 
superimposed, on the other hand — if the reference voltage in DA converter 38A is raised ~ the output of 
DA converter 38 A in the case of having no digital polarity reversals — a wave — 310 — becoming — the 
output of DA converter 38 A in with digital polarity reversals — a wave ~ it is set to 312. this wave 312 — a 
bias wave — an output wave will be set to 318 if 316 is superimposed, an output wave — clear from the 
comparison of 3 1 8a and 3 1 8 — as — an output wave — an image with a dynamic range larger to drive based 
on 318 can be displayed. 

[0080] In addition, what [ not only ] changes the reference voltage of a DA converter but the adjustment 
shown in drawing 3 1 can gather the amplification factor of amplifier. 

[0081] Next, the cure against SACHIRESHON shown in drawing 24 is explained. In this case, even if 6 
gradation of input data changes in a white-level side in the range of the gradation values 250-255, output 
data are saturated in the fixed maximum gradation value 511. Therefore, however it may change DA 
converter 38 of the latter part of the secondary gamma correction circuit 32, and the setups of amplifier 40, a 
gradation value will not change in 6 gradation field by the side of the above-mentioned white. 
[0082] Then, the amendment data stored in RAM of the primary gamma correction circuit 24 are rewritten 
as this cure. In order to rewrite the data of this RAM, the adjusting device of drawing 7 can be used. 
[0083] The primary gamma correction property for preventing SACHIRESHON of drawing 24 is shown in 
drawing 32 . As shown in drawing 32 , it is the gradation value 250 to which unlike the primary gamma 
correction property shown in drawing 2 in the case of being normal output data do not reach the maximum 
gradation value 255 when input data is the maximum gradation value 255. 

[0084] If it carries out like this, by going via primary and a secondary gamma correction, SACHIRESHON 
of drawing 24 is offset and the output characteristics of normal shown in drawing 6 can be obtained. And 
whole floor tone data are mostly compressed into homogeneity by changing a primary gamma correction 
property, and a part for 6 gradation by the side of a white level can be displayed in the same resolution as 
other fields. In addition, this dynamic range adjustment approach becomes the same as the case where the 
contrast of the whole screen mentioned above as a result is adjusted. 

[0085] (the 1st modification of a secondary gamma correction circuit) Other examples of a secondary 
gamma correction circuit are shown in drawing 8 . The point that the secondary gamma correction circuit of 
drawing 8 is different from the circuit of drawing 5 on a function is a point of carrying out the straight-line 
approximation operation using two or more sorts (3 [ for example, ]) of straight lines which are different in 
Field B, as shown in drawing 9 (A). 

[0086] Here, when it is as the actual T-V property of a liquid crystal display panel being drawing 17 , an 
ideal secondary gamma correction property becomes as it is shown in drawing 18 . Therefore, the direction 
of the secondary gamma correction property of drawing 9 (A) serves as a property near an ideal from the 
secondary gamma correction property of drawing 6 . 

[0087] For this reason, the secondary gamma correction circuit of drawing 8 compares two or more 
boundary data c, f, and i and input image data X of the straight-line approximation section, and has the 
comparator 120 which judges whether input image data X belongs to which the straight-line approximation 
section. In addition, in the example of circuitry of drawing 8 , in order to make clear the comparison with 
the example of circuitry of drawing 5 , the comparator 120 is newly added. However, this comparator 120 is 
the point of making a field judgment of input image data X, and is the same as the function of the field 
decision section 110. Therefore, if the boundary data c, f, and i are made to input into the field decision 
section 110, the function of a comparator 120 can be made to serve a double purpose in the field decision 
section 1 10. In this case, a comparator 120 becomes unnecessary and a comparator 120 can be grasped as a 
circuit which realizes a part of function of the field decision section 1 10 of a wide sense. 
[0088] The secondary gamma correction circuit of drawing 8 has further the register 122 which stored the 
inclination data a, d, and g of each straight-line and offset data b, e, and h. From this register 122, 



the straight-line approximation section judged with the comparator 120, corresponding inclination data, and 
offset data are outputted. For example, when judged with it being c<X<=f by the comparator 120, from a 
register 122, the slope-of-a-line data a and the offset data b of straight-line Y=a-X+b are outputted. 
[0089] the 1st selector 106 of drawing 8 — the inclination data from a register 122 — being based — the 1-1 
or two or more outputs of the 3rd bit shifter 104A-104C are chosen and outputted. The adder 108 of drawing 
8 will add the offset data from a register 122, and will carry out the straight-line approximation section when 
input image data X belongs, and a corresponding operation. 

[0090] (the 2nd modification of a secondary gamma correction circuit) This example is amended according 
to the secondary gamma correction property of drawing 9 (B) using the circuit of drawing 8 . Rather than the 
secondary gamma correction property of above-mentioned drawing 9 (A), the secondary gamma correction 
property of drawing 9 (B) is amending near a white level with a curve, and has the advantage which 
approaches with the secondary gamma correction property of ideal drawing 18 . Moreover, there is an 
advantage which can be amended by using the secondary gamma correction property of drawing 9 (B) 
according to the curvature even if it expands the 1st drive range shown in drawing 17 to the 2nd drive range 
towards the low-battery driver zone where the curvature by the side of the white level shown in drawing 17 
is big. That is, in straight-line approximation, the drive range is expandable to the range which was not able 
to be realized. Thus, by expanding the drive range by the side of a white level, the upper limit of 
permeability spreads and a contrast ratio becomes still larger. By this, even if it drops the power of a back 
light, the same brightness as before can be secured, and it is effective in the ability to reduce the part power 
consumption. Furthermore, since the driver voltage range spreads, a unit of the electrical potential difference 
of per a ground-floor tone also has the advantage to which breadth and a S/N ratio become large. 
[0091] Amendment can be carried out about the fields A and B of drawing 9 (B) in operation like the above- 
mentioned example according to the secondary gamma correction property of drawing 9 (A) in the 
secondary gamma correction property of drawing 9 (B). 

[0092] In this example, amendment data are considered as storing also with the white-level side field C of 
drawing 9 (B) at RAM 102. Therefore, in the field decision section 1 10 of the secondary gamma correction 
circuit of drawing 8 , if input image data X is judged to be X>j, according to addressing outputted from the 
address generation section 100, the amendment data of the field C of drawing 9 (B) will be read. 
Furthermore, the output of RAM 102 is chosen by the 2nd selector 112. 

[0093] In addition, also in the case of the secondary gamma correction property which carries out straight- 
line approximation using one straight line, this example is applicable in A of drawing 9 (B), and the area B 
between C regions. 

[0094] (the 3rd modification of a secondary gamma correction circuit) The modification of further others of 
a secondary gamma correction circuit is shown in drawing 10 . The secondary gamma correction circuit of 
drawing 10 shows the circuit improved in order to lessen capacity of RAM 102 of drawing 5 . drawing 1 1 
which shows the secondary gamma correction property in the circuit of drawing 5 , and the same property in 
the circuit of drawing 10 — the inside of Field A — criteria straight-line Y* — assuming — the inside of 
RAM 102 of drawing 10 — the difference of criteria straight-line Y 1 and the last amendment data — he is 
trying to memorize only data the difference added to it while asking for the data on criteria straight-line Y 1 
in Field A by the straight-line approximation operation, if this is explained using drawing 12 which is the 
partial enlarged drawing of drawing 1 1 — only data delta 1 and delta2 — are memorized to RAMI 02. 
[0095] for this reason, the difference from the output and RAM102 of the 3rd selector 130 which chooses 
the data which are in agreement with criteria straight-line Y' in the secondary gamma correction circuit 
shown in drawing 10 , for example from three bit shifters 104A-104C and fixed data, and this 3rd selector 
130 — the adder 132 adding data is formed further. That is, the output of three bit shifters 104A-104C is 
used also [ operation / using criteria straight-line Y ! in Field A / straight-line approximation ] as occasion 
demands while it is used for the straight-line approximation operation in the field B of drawing 1 1 . the — 
three — a selector — 130 — inputting — having — fixed data — criteria — a straight line — Y — 1 — the X-axis — 
parallel — namely, — an inclination — zero — it is — a case — independent — using — having — or — three — a 
** — a bit - a shifter - 104 - A - 104 - C - the result of an operation - adding — having — criteria — a 
straight line — Y — ' — a sake — offset data — ****** — using — having . 

[0096] the data which are in agreement with criteria straight-line Y' of drawing 1 1 in the 3rd selector 130 
into which the judgment signal is inputted if it is judged in the field decision section 110 according to the 
circuit of drawing 10 that input image data X belongs to the field A of drawing 1 1 — any one from the inside 
of three bit shifters 104A-104B and the fixed data — or a multiple selection is made, moreover, the address 
generated in the address generation section 110 corresponding to the input image data X — being based- 
RAM 102 — the difference of drawing 12 — data are outputted. These are added with an adder 132 and the 



output of this adder 132 is chosen by the 2nd selector 112. 

[0097] thus — if it carries out — difference — since it becomes smaller than the number of bits of amendment 
data in case the number of bits of data is drawing 5 , there is little capacity of RAM 102 of drawing 10 
compared with the case of drawing 5 , and it ends. 

[0098] In addition, two or more criteria straight-line Y 1 set as Field A can be set up not only in the case of 
one. In this case, what is necessary is to judge whether it belongs to which the straight-line approximation 
section when the straight line from which image data X differs is used, and just to choose like the above the 
data which suited the criteria straight line which corresponds by the 3rd selector 130 based on that decision 
result in the field decision section 110. 

[0099] Furthermore, this example is applicable also to the example which uses the secondary gamma 
correction property of drawing 9 (A) and (B). 

[0100] (the 4th modification of a secondary gamma correction circuit) This example covers the whole floor 
tone range, carries out a secondary gamma correction by straight- line approximation using RAM, and, 
moreover, reduces the capacity of RAM. The secondary gamma correction circuit of this example is shown 
in drawing 13 , and the secondary gamma correction property is shown in drawing 14 . 
[0101] In drawing 13 , this secondary gamma correction circuit has RAM 140, the register address 
generation section 142, a register 144, and an adder 146. 

[0102] Only the criteria amendment data D (0), D (4), and D (8), -D (n), D (n+4), and - are stored in 
RAM 140 at drawing 14 . This criteria amendment data is every 2k (k is the natural number) gradation of 
input image data, and amendment data for every 4 gradation. If it says about a straight line, criteria 
amendment data will be shared in each straight-line approximation section of 4 tonal range of input image 
data, n of drawing 14 is the number of the multiples of 4, and as shown in drawing 14 R> 4, it expresses the 
criteria data for every gradation of the multiple of 4 as D (0), D (4), D (8), -, D (n), D (n+4), and 
[0103] Since criteria amendment data should just be outputted from RAM140 every 4 gradation of input 
image data, only 6 bits of high orders of 8-bit input image data are used as the address of RAM140. 
[0104] the difference shown in a register 144 at drawing 14 — data delta 1, delta 2, delta 3, — , delta 15 and — 
are stored, each straight-line approximation section of 2k tonal range to the same straight line — 2k- 1 piece 
difference — data — it is - each straight-line approximation section of the straight line fl of drawing 14 (X) - 
- difference — data are three kinds, delta 1, delta 2, and delta 3. the same — each straight-line approximation 
section of the straight line f2 of drawing 14 (X) ~ difference ~ data - three kinds, delta 7, delta 8, and delta 
9, — it is - each straight-line approximation section of the straight line f3 of drawing 14 (X) — difference — 
data are three kinds, delta 13, delta 14, and delta 15. Moreover, in this example, the boundary point of 
straight lines is considering as the example from which the location for every 4 gradation of input image 
data becomes inharmonious, therefore, the difference which became independent also in the straight-line 
approximation section of 4 tonal range containing this boundary point — data are needed, the difference of 
delta 4, delta 5, and delta 6 of drawing 14 - data and the difference of delta 10, delta 1 1, and delta 12 — the 
difference of 4 tonal range where data contain the boundary point ~ it becomes data, in addition — the case 
where the boundary point of straight lines is in agreement with the location for every 4 gradation of input 
image data — such difference — data become unnecessary. 

[0105] In order to read each specific difference part data in this register 144, the register address generation 
section 142 is formed, the difference to which this register address generation section 142 corresponds based 
on 8-bit input image data — the address which reads data is generated, in addition, the difference 
corresponding to the image data of the gradation value used as the multiple of 4 — since data do not exist, 
they generate and have no address from the register address generation section 142 at this time, and the read 
difference - data are added with the criteria amendment data from RAM 140 with an adder 146, and this 
serves as image data after a secondary gamma correction. 

[0106] Next, if the image data of the gradation value n which will serve as [ in / for example / drawing 14 ] a 
multiple of 4 if actuation of this secondary gamma correction circuit is explained is inputted into a 
secondary gamma correction circuit, while the criteria amendment data D (n) will be read from RAM 140, 
the address does not occur in the register address generation section 142. Therefore, the criteria amendment 
data D (n) are outputted from an adder 146. if the image data of a gradation value (n+1) is inputted into a 
secondary gamma correction circuit, the same criteria amendment data D as the point (n) will read from 
RAM 140 — having — the address in the register address generation section 142 — being based — the 
difference from a register 144 - data delta 10 are outputted. Therefore, D(n)+deltal0 are outputted from an 
adder 146. 

[0107] Thus, moreover, the storage capacity of RAM 140 and a register 144 is decreasing, without this 
example taking the bit shift used in each above-mentioned example, though a secondary gamma correction 



is carried out using straight-line approximation. And since the bit shift for carrying out a fixed setup of each 
slope of a line in this example is not used and only RAM 140 and the contents of storage of a register 144 
can determine each slope of a line, the degree of freedom of a slope of a line increases. 
[0108] In addition, spacing of the gradation value of each criteria amendment data and corresponding input 
image data is desirable at the point that addressing of RAM 140 can be performed using a part of numbers of 
bits of input image data as it is as it is every 2k gradation. Every every 4 gradation and 8 gradation of this 
spacing is the optimal. It is because the class of criteria amendment data will increase and the capacity of 
RAMI 40 will increase, if spacing is made into every 2 gradation, if spacing is made into every 16 gradation 
-- difference — it is because the class of data increases and the capacity of a register 144 increases. 
[0109] Furthermore, this example can be applied also when asking for the gamma correction data of the 
field B of drawing 9 (A) and (B). 

[0110] (the 5th modification of a secondary gamma correction circuit) This example is a modification of the 
secondary gamma correction circuit of drawing 13 , and the circuitry is shown in drawing 15 . In drawing 
15 , RAM 140 and an adder 146 have the same function as drawing 13 . Replacing with the register address 
generation section 142 and the register 144 of drawing 13 , the circuit of drawing 15 has the following 
configuration. 

[0111] first, the difference of each straight line fl (x) which the inclination data register 150 is formed and is 
shown in drawing 14 , f2 (X), f3 (x), and — the minimum difference in the sections other than the straight- 
line approximation section which contains the boundary point among data — data delta 1, delta 7, and delta 
13 and — are memorized as each slope-of-a-line data 1 and 2 and 3 

[0112] here - the difference of a straight line fl (X) ~ other difference other than data deltal - if data delta 
2 and delta 3 are considered — delta2=2xdeltal — (1) 
delta3=deltal+delta2 - (2) 

It becomes, other straight lines — difference — the relation between data is the same. 
[01 13] from this, it is shown in drawing 15 — as - the minimum difference — other difference other than 
data delta 1 and delta 7 and delta 13 -- the difference which calculates data — the data operation part 
152,154,156 is formed, each — difference — both data operation part consists of the same configuration, and 
has the bit shifter 160 for doubling inclination data (delta 1, delta 7, or delta 13) two, and the adder 162 
adding the output and inclination data of this bit shifter 160. The bit shifter 162 calculates the above- 
mentioned formula (1), and an adder 162 calculates the above-mentioned formula (2). 
[0114] the difference near the boundary of straight lines - data delta 4-delta 6, and delta 10-delta 12 are 
stored in the data register 170 near the boundary, and difference — the difference of the data operation part 
160,162,164 - three kinds of each — data and the difference from the data register 170 near the boundary — 
data input — having — any one difference — the selector 1 72 which chooses data is formed. 
[0115] furthermore, the selector 172 from input image data and boundary data --**** — a gap or one 
difference — the field decision section 1 74 which outputs the select signal for choosing data is formed. 
[0116] Also in this example, like the example of drawing 13 , since each slope of a line can be set up based 
on the contents of storage to a register 150, the degree of freedom of the slope of a line used for straight-line 
approximation increases. 

[0117] Furthermore, this example can be applied also when asking for the gamma correction data of the 
field B of drawing 9 (A) and (B). 

[0118] (Explanation of electronic equipment) The electronic equipment constituted using the liquid crystal 
display of an above-mentioned example is constituted including the display panels 1006, such as the source 
1000 of a display information output shown in drawing 20 , the display information processing circuit 1002, 
the display drive circuit 1004, and a liquid crystal panel, the clock generation circuit 1008, and a power 
circuit 1010. The source 1000 of a display information output is constituted including the tuning circuit 
which aligns and outputs memory, such as ROM and RAM, and a TV signal, and outputs display 
information, such as a video signal, based on the clock from the clock generation circuit 1008. The display 
information processing circuit 1002 processes and outputs display information based on the clock from the 
clock generation circuit 1008. This display information processing circuit 1002 consists of data-processing 
boards 10 mentioned above. In addition to the boards 30R, 30G, and 30B only for liquid crystal displays 
mentioned above, the display drive circuit 1004 is constituted including a scan side drive circuit and a data 
side drive circuit, and carries out the display drive of the liquid crystal panel 1006. A power circuit 1010 
supplies power to each above-mentioned circuit. 

[0119] As electronic equipment of such a configuration, the personal computer corresponding to multimedia 
(PC) shown in the liquid crystal projector shown in drawing 21 and drawing 22 can be mentioned. 
[0120] The liquid crystal projector shown in drawing 21 is a projection mold projector which used the 



transparency mold liquid crystal panel as a light valve, for example, the optical system of 3 plate prism 
method is used for it. 

[0121] In drawing 21 , inside a light guide 1 104, the projection light injected from the lamp unit 1 102 of the 
source of the white light is divided into the three primary colors of R, G, and B with two or more mirrors 
1 106 and the dichroic mirror 1 108 of two sheets, and is led to the liquid crystal panels 1 1 10R, 1 1 10G, and 
1 1 10B of three sheets which display the image of each color by the projector 1 100. And incidence of the 
light modulated with each liquid crystal panel 1 1 10R, 1 1 10G, and 1 1 10B is carried out to a dichroic prism 
1 1 12 from three directions. In a dichroic prism 1 1 12, 90 degrees of light of Red R and Blue B are bent, since 
the light of Green G goes straight on, the image of each color is compounded, and a color picture is 
projected on a screen etc. through the projection lens 1 1 14. 

[0122] The personal computer 1200 shown in drawing 22 has the body section 1204 equipped with the 
keyboard 1202, and the liquid crystal display screen 1206. 

[0123] In addition, this invention is not limited to the above-mentioned example, and deformation 
implementation various by within the limits of the summary of this invention is possible for it. 
[0124] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the example which applied this invention to pro JOKUTA, and is the block diagram of data 
processing / liquid crystal display drive circuit for driving a liquid crystal display panel. 
[Drawing 2] It is the property Fig. of the primary gamma correction data memorized by the RAM table of a 
primary gamma correction circuit. 

[Drawing 3] It is a property Fig. for explaining the primary gamma correction data containing the data for 
contrast ratio adjustment rewritten by the RAM table of a primary gamma correction circuit. 
[Drawing 4] It is a property Fig. for explaining the primary gamma correction data containing the data for 
brilliance controls rewritten by the RAM table of a primary gamma correction circuit. 

[Drawing 5] It is the block diagram of the liquid crystal display drive IC carried in the board only for liquid 
crystal shown in drawing 1 . 

[Drawing 6] It is the property Fig. of the secondary gamma correction data memorized by the RAM table of 
the secondary gamma correction circuit shown in drawing 5 . 

[Drawing 7] It is the block diagram showing the configuration for rewriting the data in a RAM table of 
primary and a secondary gamma correction circuit. 

[Drawing 8] It is the block diagram showing the modification of the secondary gamma correction circuit of 
drawing 5 which performs a straight-line approximation operation using two or more straight lines. 
[Drawing 9] Drawing 9 (A) and (B) are the property Figs, showing the secondary gamma correction 
property of being used in the circuit of drawing 8 , respectively. 

[Drawing 10] RAM - difference — it is the block diagram showing the modification of the secondary 
gamma correction circuit of drawing 5 which made only data memorize. 

[Drawing 11] It is the property Fig. showing the secondary gamma correction property of being used in the 
circuit of drawing 10 . 

[Drawing 12] drawing 1 1 « partial - expanding - difference - it is a property Fig. for explaining the 
relation between data and a criteria straight line. 

[Drawing 13] It is the block diagram of the secondary gamma correction circuit which carries out a 
secondary gamma correction by straight-line approximation. 

[Drawing 14] It is the property Fig. showing the secondary gamma correction property of being used in the 
circuit of drawing 13 . 

[Drawing 15] It is the block diagram showing the modification of the secondary gamma correction circuit of 
drawing 13 . 

[Drawing 16] It is the timing chart which shows actuation in drawing 1 and the phase expansion circuit of 
drawing 5 . 

[Drawing 17] It is the property Fig. showing the applied- voltage-permeability property (T-V property) of a 
liquid crystal display panel. 

[Drawing 18] It is the property Fig. of the ideal secondary gamma correction property of compensating the 
T-V property of drawing 17 . 

[Drawing 19] It is the property Fig. showing the conventional analog gamma correction property. 
[Drawing 20] It is the block diagram of the electronic equipment of this invention. 
[Drawing 21] It is the outline sectional view of the color projector which is an example of the electronic 
equipment of this invention. 

[Drawing 22] It is the outline perspective view of the personal computer which is an example of the 
electronic equipment of this invention. 

[Drawing 23] It is the property Fig. showing a secondary gamma correction property in case a dynamic 
range becomes narrow. 



[Drawing 24] It is the property Fig. showing a secondary gamma correction property in case 

SACHIRESHON arises in the field beyond a predetermined gradation value. 

[Drawing 25] It is the block diagram of the adjusting device which opens a dynamic range. 

[Drawing 26] It is the block diagram of other adjusting devices which open a dynamic range. 

[Drawing 27] It is the circuit diagram showing the example of a configuration of the amplifier in 4 phase 

expansion. 

[Drawing 28] It is a wave form chart for explaining magnification actuation with two amplifier. 
[Drawing 29] It is a wave form chart for explaining the actuation which changes the bias voltage of an 
amplifier and opens a dynamic range. 

[Drawing 30] It is a property Fig. for explaining why a dynamic range spreads by modification of an output 
wave shown in drawing 29 . 

[Drawing 31] It is a wave form chart for explaining the actuation which changes the reference voltage of a 
DA converter and opens a dynamic range. 

[Drawing 32] It is the property Fig. showing the primary gamma correction property for preventing 

SACHIRESHON of drawing 24 . 

[Description of Notations] 

10 Board for Signal Processing 

12 14 Input terminal 

16 AD Converter 

18 Digital Decoder 

20 Frame Memory 

22 Switch 

24 Primary Gamma Correction Circuit (Front-End Gamma Correction Circuit) 
24 RAM (1st Memory Table) 

30R, 30G, 30B Board only for liquid crystal displays 

32 Secondary Gamma Correction Circuit (Gamma Correction Circuit of the Last Stage) 

34 Phase Expansion Circuit 

36 Polarity-Reversals Circuit 

38, 38A-38D DA converter 

40, 40A-40D Amplifier 

42 Buffer 

50R, 50G, 50B Liquid crystal display panel 
100 Address Generation Section 
102 RAM (2nd Memory Table) 
104A-104C Bit shifter 
106 1st Selector 
108 Adder 

110 Field Decision Section 

112 2nd Selector 

120 Comparator 

122 Register 

130 3rd Selector 

132 Adder 

300 Actuation Input Section 
302 PROM 
304 CPU 

306 Bias Generating Circuit 

308 Reference Voltage Generating Circuit 
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10 t??^l/Vi;ui*j|B:, x^y-/uB&-r-*£, « 

fftx- 1? ICMiE-r 5 fc ft l£ , {RftSOf^^yWifv^li 

t, nAmm\^xT+u?m&f-9\z.&mtz>TM 
mmri-u?'m&7 t -9zmmmzx®m-tzj:m 

ts ffiffi7^n^Bfc^-*l;:£^TlftffiifcA£*8li 

iw, m&mmmv>tf>-^ffijEwi&frb<Dmt)f ! i/9/i'm 

Xtify9 frWm°f- 9 <oVtmm^fkiz<D t # <D8fr«;tf 
>'^ttjElHlBS^e>©W^7*^^/i/jii|fef !f — ^©BSSMtdS 
ft^I±5ifi<45J:5i^L-t > X^MiO^ 
*■? yy u-^^*Sa«1-5SISxSi:, *&-tZZ.k* 
Sfc, IS**8W|gP^«f!}5R*5(D^Sr 
30 ^16i-S?Kf B «^a«r, §i#99W3!?J!J;i;£;h,£jB^ 
LTV**. 

[oo22]it**5, 8, gro^eq^iixrf, ^mwt 

[0 0 2 3] 

[0 0 2 4] (^-JfcailM&O^fHRBIl) 01»i N }^ 
*JS01JI4, S&COm&m^ZsU&Ztl^hR, G, B 

h^/w^t Lxm\,^tz7ai;*?jnzmmi.tz 

« $r ffl lr» 5 C 1 1 ^1 16 X h 5 o 
w [0 0 2 5] 01 |C*3I/>T, Z<DZfo^^9 9<Dm^m 
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iNSUtt, *B'JLT, &feR, G, BW^-^^SIC* 
ffl**V*flT*»affl*- Kl 0 ts &feR, G, BSt" 
©JtP>ttfcfSfH*^#ffl#-K3 OR, 3 0G, 3 OB 

^'^/U5 0R, 5 0G, 50Bt, •SrW"f5 0 

[0026] «-whub#- kio 14, *gnkt!0>tt?- 

At)t&*bLX, NTSC, PAL/iifroT-^n^WT 1 
vtrfi^fcATJ-TSSlOA^iS^l 2i, ^ytfa- 
^ttJ^3> CDROMttl^'fct*rof !r v'^>'KOiii««#SrA 
^)t5l2 0AA« ; fi 4 k fio 

RTW#tt«:%lStT^>'^ffiiEj5Slfi$^TV>5^, % 
2<DA734& J Fi 4 CAA JixSf ^^/wl®fttl:il 
tf>"?mJEli1&ZtlX^t£^o **S» CCD7J;<7ffi73 
ft if, CRTfflro^f^-rME^^ix^^^/KD®^ 
(t ^fcA^-f-StowaSH^ffcttS £ t t> WCS>*. 
[0 0 2 7] fl©AMTl 2t:il4AD='>v<-* 1 

•5. $ btd, AD = ^ 1 %\z.\iff^9)\^f^-9 

ft, f V tiff t(?)»itMYSyfeilf tU, V*, 
3fe£>R, G. Bff-!§-lw7 !r =i-K-r5t > ro-?&5o 
[0 0 2 8 ] fi'^^a- ^1 8OT&®:[;:|4, 7V- 

Ay^ey 2 oaMRtt&ft-cv**. IB l ©A7J«T- 1 2 & 
^LTA73£;ft*:1r-*l4, x ^ 

8Sr^ht-C7l^— A^*!) 2 Ortl-, 1 

ATJ^ftTxv'^l'R, G, Bx — *J4, 7V-A^ 
U 2 0(cB^#ti2.SixS o #*5, Mi^^5 0 
R, 5 0G, 5 OBKT?KtfiBL£3£riS0l;te£;h,5i§-g- 
fctt, 17U-^fflR, G, B©§r-^^^7-< 
>\ 71— -A^y 2 OiO, 27 

[0 0 2 9] 7 1/-A/ ; e!l2 0©tgi:it Myf 
2 2£7>LT-&#^«:E[e]BS2 4ris&S8£;h,-t:v* 
5„ itf?*^ yx 2 214, 7i/- A^^ey 2 OfrhOf 
-9fr, ^l(OA^*^ 1 2£#LTA73£ixfc-r--* 
t*5t*, ^rW7 r -^S:-^V^MlE[HlK2 4lcta 
TJ^-frS. ±iLfcCCDA^7til^t-J)5R, G. B 
(D^v'^^Bi^x-^t, &#^-vJgjElHlS&2 
4(CA7^$tt'5, — #, 7U-Ayt!)2 0^P,©f- 
552(DA73ffi^ 1 4§r^LTA*$nfcx-^-e 
y<r 2 2 tt-fctfJf*— 
}fIE|E]Sg2 4fctt**»1\ /W^^i»2 6^L.TKSS 
ICffltft^lfffl^- K3 OR, 3 0G, 3 0BKSSK. 

-&#v^ffiiE@s&2 4(af¥iiffliwO^Ti4&3£1- 

So 



[0 0 3 0] *UU *A*jMFJB#- K 3 0 R k j&SI* 
^/<^/U5 ORIIOV^T, 0 5«r#KUTlftWi-5. 0 
514, fgf B ^*#ffi/J?-K3 0R«C^«g$n-5>jSSIESil 
II C©7*By^i^U (fi©6G, B{wB8i"5fSBl 

mwim i croflt^t, feR(oflifigti^-T*fe5 0 

[0 0 3 1] K 3 0RKI4, 

E1S&3 2rof*iWliov^Tt^-t-5. 

[0 0 3 2] -&#V^*tIEII]8&3 2<D&IS:l;:f4, ffi® 
to KUMISS 3 4&&rtbtlX^Z>o wWffiSBBInlSg 3 414, 
iH»/Mi*5 0 R-C©iBlSj3i£»£~Rf Sfcftd'r* 

i^tC, v/7hV^^200t ( 7S'f L lHlSS2 0 2 t 
Sr^-f-S, 0 5T-J4, IftPJroeESJi, N= 4 CD 4 
«SH5r : fT5^Ji/<c-orv^5„ rro0 5ro*8KSl!l!SS3 

[0 0 3 3] Z(Dftmffl®&3 4H1I4, Hl6©Kj/h 
^ o y ? |r*J"JS LT£iSi!f tfVr*-* -6SNf^5IJWIwA73 $ 
20 ->7 h\si?*9 2 0 0^?)Wtb7Ji: UTJi, 01 

6lc^1-ti®!9, Rfex-<?roffl/ji»«rN*^(t, ^ 
1 <Dtti73i®l-te0, 0+N, 0 + 2N, • ••roBI*(7>7 ? — 
*£3>J?)£T, !&2<Dm7j8iH4l, 1+N, 1 + 2N, 
•••©iiiisfirox-^^SdOST, ^lcaf9^2*cDtti71 
^K^iiislKOx-^SrS'JOS-C-CtilTJ-rS. 

k-tz>z.ka>txzZo z.ti&Nmmmkfa-fz. coi 
y^v^^mm^k-r^z.k^x^ho <c*s, 

✓^/P 5 0 R # X G A k fa S *t 5 H5Si*iSfi « t <^"C'& 

— 9 y9 , m&®.tt.Q 5MHz\><0-&mWL%lkti: 
•5, TFT-e«JE£:^-C?#*V\ -tdt?, N=12tLt 
1 2*B®M£H?16LT, TFTJwT^T-#5-y->'7'y 

>-^&«:*t:Ttf ■cv^^,o ^tvJ: *) h^mm^mxh 

SVGA, SVGA©^-|wJ4, N=6tLfc6ffiflM 
40 liiij, TFTIwT^WII^-y-V^y y^lMfetiff 

[ 0 0 3 4 ] #3IJ6WT?HU 4ffiggfl(0#^'(0 4*wai 
Tli^rox-^S:, y-y^-m^2 0 2\zxmC9^S.y9 
{ZXyy^LXlt^. CWig*, ? yf-0» 2 0 2 Offl 
731401 61^-rii") i:&>5, &mt>i&<DT-9 (D&ft 
i>m*-bftZo :®7 5/^0882 0 2£&l*-fK, j«f B 
g^^/W5 0RI-T4*ro(±J73i^rc>#-r — 

^^r $>-^xi4i^c.^w $ v^tcr-y-v^y y^Ltt 

so [0 0 3 5] ffiJgffilDK 3 4 ro&J&Ktt, ffittSfclelSS 
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ft £ 4 £ roil $ T-Ste $ * TSttStelKtb-*- £> fc * Ic 

« t » is] -r 5 s« $ tifc*iim*ro z&m t 

10 0 3 61 rroHttSfecOfcferoxv'^^-^rofti 

|r s 4*©fflaiiiUD^-*&«£KfE£*S4o©4 , >' 

* 210A~210Dt, SfcAfl&ro-*©^--* 
SrSS?LTaj^-t"5 4oro-feU^ * 2 1 2 A~2 1 2D 

tf»l. I3©tl/?^212A, 2 12C»i-CSfett 
©f'-^jWWiStU &2, !4©1r^ii'2l2B, 
2 1 2DKl-CK£ttG>7'-*j»'BttS*b&. 
[0 0 3 7] flUtseiUK 3 6 ©f*»fctt, 4 oro a > 

* 3 8*A~3 8Dttt5DAa^M 3 8 #R 

[0 0 3 8] **J, iKAS^KS!) I CKlfA*-f ?: V^Jg 
£EHS2 2 0a*Rtt6*K ±i*(DffiJlM[B|K3 4, 
StelfilSS 3 6 D 8 KT&Sfc* -f 5 

[0 0 3 9] K3 ORtett, Hlfcjj* 

*VO*S. ig<SS^J^.rf*'<T^7'4 OtiTiE, AcDffi 

tt, '<y774 2Sr^lt, MMMtiii'<JM'5 0Rfc:4t 
*S $ ft, £ - * £&<5V > Tift 5 0Ri! 

[0 0 4 0] (-fttf^ttjEiz&tfv-eMJEirroBB 

»U 2®B(DffljESrZ:»:^^-=?lijEi:«;i-5 0 fcfc* 

Jfi0ijtf><fc?fc., «fB*^fffl*-K3 0R, 3 0G, 3 
0B«te-ft#VTtt]EHK3 2***Lfc#sJ^ 

[oo4i] :;-c, *mmmv>-&.#>^miEt3., ± 



(6) 

10 

-ft#:^«jEfc"CCRTJB;lf 

t££tix\,^£\,m&T~? *«A**ixfc»&i!itt, -tie 

0>99'<<<'<xJ|2 6i:£IJIil-c« -&.#V-^*itiE[Hl8g 

2 4 -^tcft^r. «*. 

rf * k c r t m a v^mie a*ife s ti fcia«x - * a? a?j 

*ft5*&fctt, -&#V-v*|IEI§]Sg2 4IC, B17C 
*-fT-v#tero-gi5rofgJ$ (fclitfa w^/HW) icfc 
ofcM3E*ifro«l«)«tlSr#jDL-Ct>av^ *&ttft|«> 
io -&#V?}itjE|5|l&2 4I1RAMT- TVw&JB^Stf) 
T% RAMx-y/HcfEttSftSJgiEx-*^ *;ft,lb 

[0 04 2] Zl&tf V-v*g]E|I]S& 3 2 fi, 017 

?KA^/<*/i'&l::E>T-fe5CDT\ 
M£gi"£©T\ &H©&gteas<6v>CRTffl;<fw*f 
UTSIiifiL.-CV->2> 0 L^t> CW-^>-vttjElH]SS3 

x-^ro^Mro|^(DS5^s^{k§ix^ro-e. m«roii5 

[0 04 3] ^liiEmilSrotftej) jifciw, 

30 ^f>^ffi]ElH]K2 A<r>Wm\z-r>^X, 02Sr#saL-ca 

[0 0 4 4] E|2f4, -»C^^-v«ffilaIK2 4ICT*16 
ffg ^{cife$^fcCRTfflro^>-^MjE ffl2ffl-iii 

m) tmztix^zitib* z.fr\zm2(onm<D-&.j}>- 
40 m2<Dm^X'^-rv -T%<$m \cm i smzm-t^t 

[0 0 4 5] £ro-&#VTjg;E@82 41*, Atj^iX 
1tm&7-*\zm<5\,^XT KL-^lg^$tv5«IEx-^ 
^fElgLfcRAMlCT^^ttS,, 1-^fc>t>, 02W« 

^Y2)5, RAMJ; Vm^mZtlX. -ifc^V-vffijE^H 

0 2 ir^-e^i-i 5 y ^T^tti: 
ao [004 6] £rT\ -ft^V-r|iiEl5lSS2 4«r, {f-§- 
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k i o u/cs*i±Tfaoii <o x-fes. 
-&#>-^tft]Ero@6<>ris±i£©iIt>-efc5© 

[0 0 4 7] fc«u «*»«B*-K 
1 Oi 3o©i«ftS*I#-K3 OR. G, Bt£fl;ft 
WfcSSfcLfc«H, fl*©*ft**^-*1'5 OR, G, 
B©W4£©H«TN -&;tf:^}§iElH]8&2 4&1?lsfc-f 
6RAM ; r-:7V^rox--*£#& li JfE<^: Itv^. r.© 
RAMro^-^^gui, ggo5tHffi*(i©i*§-e©siSEi 

■fcSI-LTfc&VN, CLroRAMW^— *#*twOV*-CI4 
[0 0 4 8] (-ftif^^jEiaiSOttW) 0 1 

IEro«Sf6£, -&;*f:^*fcE!aig2 4i::T#fc*5£i: 

[00 4 9] tfc@6ll 1^2 5 6FgI (8fy 
h) ©ATJ^r-*^ 8tttl-5 1 2PgfS (9lfy K) © 

S^^^mX't-Sipt-t-CV^S,, nielli, Xfi'f- 
9lzttl,XBiJ3y'—?<Dl%m&Z2fe<D5 1 2fsgpat L 
tztK &m\V&CX4®V>l 0 2 4Pg^ifl--f-5^i: 

[0 0 5 0] ffl^-^rotfy bft&ATJ?*-* 

t >-^*jE t mttic R AMtcfei^i-S i -tn 

tf, -tCDRAMrogftriSJfTcU #!&fil?ja 5 *t:*:UTR 

am* i ci^&i-sr ttemmtttZo *r-e, #s 

[00 5 1] 0 5t;:*i^-C, Z<D-&.tf^-*ffiJE®1&3 
214, *53«JL.-C. 0 6©>^y i ? L :'y*a5©fBl$A©~?fc# 
W«iEt'fflVMbix5RAM5rfflV^ffl]Ea5 3 2At, 
0 6 <D ZtlMtt-tDmt&B W ~ W It IE (Cffl V » btl i> 
B*iff«*tjE«»«3 2Bi?:tt5„ ' 06© 

y-£ffcU X=0O«f©Y©ilbiS:*7ty hf— 

mtiLA, BCO«E^|cfiifii-SA^x-^ 

[0 0 5 2] C©~»:^V-=r«jElllK3 214. 0 5 IC* 

1"t:fc»K ®J$A^<D-&#:^*iIE£lliS-f 5fc«>© 
ttjESi53 2 At tr> X KW*38£gBl 0 0 t, RAM 



i2 

10 2t$r^r-T5o rK^»t»10 0li. A7j£*t 

^i:Mt5RAMl 0 2 (^©ffliE^-^ Y^SS^-tH 
$Jt5o TKW*3S£SB1 0 0lc»4^x-^ c^A* 

riSA7j£;ft-5i§£-l-»4, TKW^**B810 0J:»)TK 
u-^^^-tSC t»4^V\ «ot, - <Di§-£-KI4R A 
Ml 0 2lCT^"fe^$tl'f. ^(O^^II^SreMt:^ 

10 [0053] — 06co^B-ero-^^ffiiE^ 
^!6i--5iSiSiafiiMjEjii^ces3 2 b t u-c, atjhh&t' 

-*&tr y h$-£SW;Ll43o<Z>try h->7^1 
04A, 104B, 104Ci, ^Wl^f-^ 
adS-^T, 4>#< tt>— OOtfy hi/yfttiJlZM 

Ktslit^^^ioei:, ^l-tn?* 1 0 6<Dta 

J]\z*y* y b SrADg LT , Y = a - X + b?r 

SIS-rSiD^ISl 0 8 tSr#i-5. 
[0 0 5 4] tfy 1 0 4 A»4s ATJlS&'T-* 

X&±ffifflKl If y h->7 h£it"C, 2 • X<E>ffi£ffl?J 
20 f y l->:7* 1 0 4BI4, At>m&y*—9X&T 

&{S1^1 tfy h^*-C, (1/2) • XrofiSSrtti 

^•T5o tf?b'>7?10 4CI4, ATJiatex-^Xfc 
Tffi«fc2tf y h~>7 hS-fr-C, (1/4) -XroffiSr 

[0 0 5 5] ^UrUy* 1 0 6 T-14, iStr'-* art* 
"1/4" , "1/2" , "3/4" , "2" , "2 + 
1/4", "2+ 3/4" -CfcSttd, tfy Y*s79 
i o 4 a~ i o 4 cro 5 ^ro^i-S-XJi^lSwaiTJ 

so [00 5 6] ffi&mm 1 1 0 A7Jli^x-^©ffi 
t^T'-^ c tSrit«t, Xgc-CfcJx«««At*J 
WU X>ct'fc^«®«B-CS>5t*JBr-t-5o -©« 
^W»rSRl 1 OX-comm^^&^^X, %2±vf>9 
1 1 214. ^Arc>^l-I4RAM1 0 2 (DWTjStjI^ 
L, ®*£Bro^iri4iD^&l 0 8rotfJ73Sril^t-t:ttl7J 

[00 5 7] *^fflWt , »4, IS 6 (OepjDflEE-SiisP© 
^k*i s -il'e/ c CV^i^A{4, RAM10 2*ffll<\ 

AD€ffi-Sii^©^t: mifi i5 tf-^-ett^i- iav ^it#^4 1 

5„ rtf>-&#V^t§IEcDgl$l4, jRf 9 S^^^©^ 
^D«EVt3tSii*Tt<D4SilSr*-fiai 7OTT-V* 

-y*?, pg^ffiro(£v^li^-</^ttia(o®«-el4, wads 

Srtlc&So #3US0»JT-I4, M^AroM 

lEx-^W^SrRAM 1 0 2 tCfeiW LTVSror, RA 
Ml 0 2©SSSr/h$< L-a8#©7j£r'>£ < RA 
Ml 0 2 S: I C\zftM£ltZZ.b&X-ZZ>o 
so [0 0 5 8] (-J5c^V-^ffiIE7 f -^cO^MJCoV^-C) 
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*£A7J-f 58!fm3 0 0<fc, ©a<0/n**/KE>T-V# 

tt^tatg$nsiaitgi5^i^«PROM3o 2 &f£A 

7jgj53 0 0WPROM3 0 2 ^©tiMSI-S^T, 
«*<0fa&x-*£ilS&L't;fc&5C PU 3 0 4t4t 
C*V<b*SH£A7ja53 0 0, PROM3 0 2 

Mcpu3 0 4it z.<Di.oti^m.^T.mmmwt^X' 

[0 0 5 9] iro^B^x«ffl^MroiasxSt?tt, 

*©»**^**5 0R, 5 0G, 50B©T-VH 
itASaJ^Stt, ^^^VPROM3 0 2tCfE1t$ix5. 

Bf3t©/<*— vSr*ia**^-*A'5 0 R, 5 0 
G, 5 0B\Z.&H*LX* gt/<*/l'±fc5^f*R, G, B 

[0 0 6 0] CWtfeSErofc*. 0 6roffl«iAtO2W 
V^ffiiEx-^Sr^M-t-5(-«x RAM10 2©rt?S 

•ttWiJ:^. fiaj^tf, 0 6©««A©PiriS£«:±tf£f§ 
❖&t«:©*a«*ffcAA»3 0 0©#J;ttfla]te./7'£:3> 
LTA^iSnfc#-g-lcoV>-C|jiP^-r5„ CP 
U3 0 4I4. PROM3 0 2rt©T-Vl$ttl;I^^ 
T, ^ 2 CD#i'-vj§]ERiS 3 2 l*i©RAM 10 2 (DfflHEf 
-**rlK*U ^oftglSftirS^TRAMl 0 2t*t 
OTffijE^-* 5. CPU304I4, « 

*A©*|jEf ? -*oaE3EJC#oT, ®i&B<£)fiIEx-* 
fcSCM-TS. rco^Jlli. a **7iry 

A. BWgElMfcB*. »f^A^38R3 0 0 
<3#*3E-t-*wit^lB-C*>9, :©i^CPU304 

[00 6 1] (— fctf^^jfjE-r-* co^glco^-c) 

[0 0 6 2] ;®ayf7^ htfc©SilEI*, 8>f£A7jSB 

-TSCi-ClBtStba. MAtf, i3©SiSffl-^^ 
^*IIE»tt*»&, *^±9t>ffl#©*t*03OD««© 

VTlfjEIUK 2 4 rtroR AMr— ^©fiTEr-* 



(8) 

[0 06 3] -fj, ft&flfttt* *ffA*» 3 0 0 <om 

m^mm <om *. « bhe / ^ ^ c t x-mfa £ h 

\z±WZi/7 hH5: t:4St?#5, - roi — #: 
^^■^MIE|hIK2 4 Sr^-TSR AM©MiE7 ? -^ 5rx 
WftSSSfflx-^Srfrtfipl-^t^Srir-e, IBS 

[0 06 4] rcoi ^ I', jBffi^ftwav by* hit, 
io »S«r^Si-5t-li> — »©«U6©*fiEf*-*fclB1tL 
ft~&.tf WEtt R AM7 - TOU 0 2 "<?/£<> £fS 

[0 0 6 5] (ttfca^BBroy-f-f-Sy^WV^PME 

V^Tfi, 02 3&tf0 2 4 Sr#figU-CUEIwKWUfco 
[0 0 6 6] T\ Si*02 3K»*i^roS)5V^^^-^ 

20 07 Z>SSggg<S:0 2 5 3Z.IS0 2 6 ©V*1**ba»fcefc 

*33, SIT©*^-*-? y* uv^SEtt, 

Tff^tiOrote, ZJ)c^viiE©rt«5:CPU3 0 4 
WiSIBt'tSfcit), CPU3 0 4^©»l»fe* 

[0067] 0 2 5tt, 0 7©^S^B©«^l-iD^. 
Ts CPU3 044»&©ft*K^#. iS4iSS4 0»ClT 

0 6Sr^1-5. ft*, 02 5©tftf^A^»3 0 Ott, y* 
30 >f-*-s yy v^i?||Sffliifmtr4rU -t©»ffA*l!i 
3£-^< ^fo5V^ttif!)Wt^C PU3 0 0±9/^7^f 
4(HK3 0 6 lC/WT^«JE^H^^^$ix5o 

[0068] 4HIS4 o<omf8.&.vz<omft& 

0 2 7&V0 2 8SrfflV^T§iW-f5o 0 2 7fiN=4(D 
4ffi®M©S-g-©liiJiS4 OW0SS«J*Sr*LTVN5. 
4 0WDA3y^-^ 3 8A~3 8DCI1 ^7^7" 
4 0A~4 0D^^TV^5„ 4 0©^ 

7y740A~40D ©/^ 7 ^ AMl:> ^7^55 
^(slK3 0 6 ©W7J^^ii^$tvTV^, 
40 [0 0 6 9] 1 Ky hS©MttS^»ro*i^'CC»^t)-& 
p 2o©t^7y/4 OA, 4 OBWfbf^Sr, 0 2 8* 

[0 0 7 0] -7<< yMfflftX'lk!%ffl&®lZt>1t-oX$i 

02 8i^-t-ja*), j f4i?fi>m&Km£ti-r^D 

A£&Ztlft&&3 1 0{C$itLT. 1 7-f Vftl^^ i? 
^'/I'SttfiteJfilfcf-^SrDAay^-i' 3 8 A, 3 
8B«C-tDA&&1-5i:, WW*3 12, 314 

so [0 0 7 1] 02 8IC«, t^7^74 0AiZ.Xmti& 
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J&3 1 2\zng.&ilZ>' < -<7X&J&3 16t> -troffi^I 

Tm^)ffi^3 1 4\Z.m.&.£ftZ>' < -<<7*&fo3 2 0 £ , 

&J&3 16, 3 2 011, *^7y^4 0A, 4 0Bfflg 
$sA2>aSm-A2)$*t5fc*. geLfcWi:L-C*l 

[0 0 7 2] ^-TT^SiJg3 1 6, 3 2 0 ©tfc8W»?> W 
^rH^Wffi^Jil 80° rftTV**. t- 
fl>t, /<J7*ffl&3lQ, 3 2 0rogity^-Wf 
&V1I4. a^^(OSiS-feV<5'-©SffiV2 (TFT 

5. 

[0073] 02 8TtfcWL;/b&$iJgtcJ:>3® 

DA^/W 3 8 A©tb^>jK^I4 3 1 2 a <fc#5„ C 
(D&ffi* 312a lw, 0 2 8 i R 1>M T^&» 3 16 5: 

Ms-arsi, ^roa^si^«3 1 8 a -row 

3 1 8 a 14. 028 (OUtfltim 3 1 8 £ G9*ftfcA> 

[0074] ^ry^4 o Aw-wr;*^ 

3 16&, ^rtviU t,S(iro/h$Vv^r^R^3 1 9 
l-SEK-*-*. &fl£3 1 2 a t/WT^Sim3 1 9 tSr* 

a$*5<t, -tcota^j6JKi4ig2 9 K^-rmwiSM 3 

2 1<b#5„ r<ZVMT*£5&©tfl:*J&fl23 2 114, 
a5KlKl©aj**»3 18aiH, 

[0 0 7 5] 0 3 014, J^S^roPPiDllffit-tCOSii^ 
t©BB««:S^»ttH-C*9» ttS^a£»3 1 8 a KS<5 
<|gt()«JE©H«rAVt, H56^<oa^Stfl?3 2 UiS 
-3<ig«>®]£8EBS: iV i: d^Stvtv^. 03Ori> 
?>#a»6J:5fc, m^KJ^3 1 8 al::S<5<Sgft«EEffi 
HSrA Vt»JSi-SSi§^©H»4AT-C-fc»), 

3 2 1 lwS<5<gg^)JlUE®HSrAV , t*t-JE&-f5Sii* 
SSHI4 A T ' -C-feS. fftfiWPniDmiE-Sia^tti, 
m u^/HWroSai*»4SiADflJEro^fl;^» LT li t Ay if 
SEfllL*v^ofcJ*L-C» £ W/Ml!|-C i l42i@s£c9£fc;as 

«6oT, A T < A T' 

[0 0 7 6] wWi^fC, /<^T^l;fii<Ogi|i€r'h*< 
#5 J: ? l-fS&l-ixtf, 0 2 3<D± 5 dSfc^pggaSBSB© 

[0077] 0 2 6 14, 023 ©^©SfcV^ W t?j/ 

2 6 W^S^S-Ctt, 0 2 5 0V<W T*$S£Ie]8& 3 0 6 
©ftfrOK:, DA^y/W 3 8WSipl|JE«:^3|-r5 
Si£®JE3g£II]S53 0 8 SrRffC^S. 



iff 

[0 0 7 8] 0>J*.ff> 02 3\zmi-mti : f-^<o^u 

5 1 li!DA3W<-? 3 81CA2>£*K DA = V/<- 

*3 8ro^<oa5g«mro^f<DT^-n^ai^i;<2:* 5 i V 

S3iflJES:SJettJBE^^[HlK3 0 8tCT^5L, 02 3 
l^-f-tti^x — *<DP£3ifit5 0 0*5DA3>-^-^ 3 8 

*<M*i vi/iSiplc^S-TS. ip-TSi, ±IBro 
«£-i:IBl«fc» 0 2 srotti^-^cDi^l-iplcSjv^ 

ftfcdi <tl§iC<t££. ftoT, 02 Z\z.m-t~Ws 
-rffi jEta^)#tei:JtoTV^T'b, -t DA =>W<- 
*3 8roSSJimJE4:^S-r5-i:-C-, 

[0079] rrt, 02 8t?aKUfc#jK^ic±»)ig 
]E&y-r t?y^ uvi?*5?s»-ef 5 1 0 3 

^^^ffittSSGJttroii^roDAa^-^ 3 8 A© 
20 tti2ll4J&03 lOat*!), fi^^/l'SMefcdOi 
^DAa^- 1? 3 8 A<T>mti\Z : &M3 12aff 
5« :«»3 12a lzsUTX&M3 1 6 StM^S 
i:, mt>mm-i3 1 8 a £/£5„ £jlfc#L"C, D A=" 
* 3 8 A-(?<D&t|S«lE£r±»f ^i^MStt 
L D A aV^-* 3 8 ACDtt!2M42£# 3 

10<b&»5, -r^^/HSttSfe*>«Pro#-&roDA3V^ 
3 8 A©ffi2)»4fl£Jg3 1 2 £#5., r(D&Jg3 1 2 
\Zs<4T*®M3 1 6SrSS-f-5<b, ttl^iS[^l4 3 1 8 
i&So ffl2J!&J£3 1 8 a, 3 1 8 feWfe*** 

ao i.o\z, mt>ffi&3 l SKS^TSgWLfc^asyw^ 
[0 0 8 0] /i*J, 0 3 U^-fSBSEtt, DA3^<- 

[0 08 1] 0 2 4\Z7ik1-y-3-U— >3 >ttf&\Z 

o~2 5 5<o®fflt i ev"</KiHc:T6|5g^'ft;L-T:'b, 

mt)7 : -fitf-fe<oMi*femfe5 1 1 icfi&fpLTi^So 

tifoT, -lfctf>-<rffiiE®&3 2<D'&WL<DDA* 

[0 0 8 2] ^rrf, CW»*i:fC, -JJc^V-v^IE 
[HlK 2 4 © R AM K&ifft $ ftfcffilE-x- ^ Sr tft ^ T 
V^„ - (ORAMrox-^^^t^^SICIi, 0 7©S 

[0 0 8 3] 02 4 ©f-f-U— ->3 ^SrES^-rSfc*!)© 
-&#><^JgiE$m$r03 21^-^., 03 2IC^-Ti5 
»^ IE^<O^©02J^i—)J:^>-r1tIE!t#tti:<4S 
60 A^x-^zJ5aAPi3SfiS2 5 5©ir#lc, ffl^r 
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-*dia*Pg33ftt2 5 5lCitL/£Vv0iJ;ltfPgfStt2 5 0 

[0 0 8 4] C5>f-5ir, -ft, rgc^V^ttiESrSa 
-tZz\kX\ 13 2 4^1^- ^riMS&^ft, 0 6 

[0 0 8 5] (-fctfV-rttjEBBomifcJBWloV* 
T) 0 81c, -ac^V-rffijEEHSOteroWSr^LTV" 
5. 08©-&;tfV^«IE@Ka50 5©@&t<»t6-k*8 

a-rs^tt, 09 (a) «mkbic-cji& 

[0 0 8 6] ****/<*^©IMW>t-v* 

iEWtttHi 8li*1-a0i:** o tot, 0 
#>-r«jE4$teJ; 9 fc, 0 9 (A) ©-*#V**|jE1* 

[0 0 8 7] rrofcfclw, 08©r.eJC^fVT«jE0!S 

A^PHftx-^XifcitlfcU A^HIRx-^X^v^ 

2 0&tltV^. **5, 08©[UI&«J*0!|-?I4, 05 

* i 2 ofcfrfcKiiJDL-a**,, fc£U 

x\ mmmm 1 ovmmtfficxhz. e&o-c, * 

^x-^c, f Mi trffiUBUffasi 1 0 KA;*J £ -Brit 
fi, ««W*r»l 1 0l:T3^V-^l 2 0©$f6«r 

[0 0 8 8] 0 8©-&#V^*jf:E[a}g&<4£?>f;:, S-Bt 
^oV^T^IS#7 ? -^ a, d*5<fctfg hr 
-*b, e^Uth^l&itttfcW^^^ 1 2 2Sr#-f5. 
C©^** 1 2 2^P>»4, 3^U-^ 1 2 0K.-CW 

= * 1 2 OlcW&^ftfc:®^ 

ri»<b«iUlY= a • X+b©^©^^-* a t*-? 
-tr y hir-*b «t7)5tti^$ix5 0 
[00 8 9] 08011*1/^^10 61^ 
2 2^P>©(a#x-^JrS<3V^T, £51 rot's/ h 

1 0 4A~1 0 4C©-Xf4lg#©tU7j£jI#l. 
TfcU^-rS. 0 8 ©Jogs 1 0 8 J4, ^^12 2i> 
bOt7ty h-r-*£;&Qg LT, A^Si^-r-^X^ 



[0090] (-#:#v^*§:E!a8ro^2^WwOv> 

X) CL©3lifc#Jl4, 0 8©la]Sg£fflV\ 0 9 (B) <0~ 
(B) ro-&#:/T}g]E#14i4, ±a©09 (A) ©~ 

•5 i i T\ SJ8W&0 1 8 ©"#:# V-v^jE^ttlCi •) 
jS<5<fl|^;5Sfc5o Sfc. 09 (B) ©-&#>^tif 3E 

<D*zt£i&m&&w>mmcfartx. 01 7ic*-r^iw 

SK»)$6B£l&2©iEiSffiaK&*U-Ct>, ^roflfs^-g- 
*S-e#/<CA>ofcjSH4-C-IE»)«5S«rt£^-e#5o C© 

P£li$>fc9©®j3E©t gfriMZifiy)^ s/Ntfc^^:#< 

[0 09 1] 09 (B) ro-JJc^V^MiE^ICTMIE 
Srm&tfcfcoT, 0 9 (B) 0)ffiJ&A, BICOVT 

09 (a) <D-ft.#>^ffijE&mcmotz±m<Dm 

[0 0 9 2] #H1£0IJ-T?f4. 0 9 (B) ©&W</MMtS 
i£Cl::o^-Cf>, RAM 10 2 I^JfjET*— ^ ^rl&jfcAi L 
Utot, 08©-*^^-vM]EIilSSro^W»f 
SCllO^t, AABIttf'-^X^, X> j xbztw 
i^liSi, T KP*3S£SB1 0 0<fc»)ffl2>£Ji,5T K 

WlSHHEct, 0 9 (B) ©«*CO*]Ef f -^a« 
m&tiiZtlZo Zb\^ f 2tl/;^ 1 1 2ICTRAM 

1 0 2©W^iJ5S«$ix5. 

[0 0 9 3] C©2£ifiMf4, 0 9 (B) ©A. C 

«w«©b«kic-c, i*<Dmm&mi,"xmm&m-rz 
[oo9 4] (-gctf^raiEmKrosgs&^eijKo^ 

5r^LTV>5„ 01 Oro-jJc^V^ffijEIUKl^ 0 5W 
RAMI 0 2W^SSr^? > <C<i-5fc»taca$ixfc(HlSS 
«r^L-CVN5 c 0 1 0 ©mgg-eW;, 05 6O(h]KT'<7)-0: 
^>-rffl]E#tt<tl^«l^#14?r^-r01 lldT, m®A 

ft\zmm\s.mY' &is.7Zl. 01 oorami 0 21^1; 

SrfEti-t5<t 5lcL.TV^. wWCtSr, 0 1 1 
J£^0T-fc501 2S:ffl^Tlft^i-5<!:, ^ArtroS 

«b^y ' ±<»7-9 ymM&m&x-itih 5 1 1 1> 

Iw, -ttt^n^^JtS^-r-^ A 1, A2 -W^SrR 
AMI 0 2lCfEttLTV5. 

[0 0 9 5] rrofcftic, 01 oic^i--»:^>-r#]E 

fHU^-eW:, 0yx.fi 3 0©f s/ h->7^104 A~ 10 4 
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*£il#?-f S^SirV:?* 1 3 0 -tD^3-feU^^ 
1 3 0(Otii^i:RAMl 0 2i4^roM7-^ t SriD^L 
fSJDfSl 3 2<t«:$lbl^»tTV^ 0 -f#*>*>, 3 
0©tr> h>>7*l 0 4A~1 0 4CroUJ;*Jl4, 011 

<*ftffl$*t5, f3tV^^ 1 3 0HA^)$tl5@ff- 

#-g-|c*34r*fflV^n, &5lM43oc0trs/ 1 

0 4A-1 04C<7)^S^*lriD^$^^5S2iili»Y• 

[00 9 6] 01 oroiai&K.fcaxtf, A^iiB^x-^x 
;JS01 1 wHJ^A^S-rsctdS^ffJSrSCi lOi:t 
WsBSft-Si:, *roffl£m^A;*)$ixS$83-tri^ * 

1 3om 01 unmmmmy i:-tt5f-^ 

3 0ffllf5'hi/7?10 4A~104Bi:St7 f - 

Sfc, ^©A;OiIi&x*-*X<^jfcLTT KU*3S4=g|5 
1 1 OlCT^-t-ST K^^lwS-^V>X> RAMI 0 2 

i3 2lcriPSc$ix, rcD^pgLSl 3 2<z>tH2i;asSfS2-fr 

2{crjS*?$ix5o 
[0 0 9 7] ;o± 51' •£<!:, ^#-r*-*rotfs/ h& 

T% 010 ©RAM 10 2 tf>S4te0 5 tfc^T 
[00 9 8] /£*5, ^^|I^AICi!:^$i^5S5^!ia«Y , 14 

<dwt&. mmmmmi 1 ot-i4, M&x-^xas, 
s v > <b v ^^ro mmmu ism k «-r s & * 
wwru zwrntemzm^^xma-tu?? 1 3 01c 

[0 0 9 9] $p>(crroHJg^J{4, 0 9 (A) (B) <D 
[0100] (z&tfv^ffiEiEi&ofu^Mico^ 

-c) zvnmmte, ±f^m^m^a.<>x-».ify^miE 

SrRAMSrfflv^Ttt^jSffllCTllffiL, L^RAMCD 

(HlSS$:01 3fc, -t(Dr#:;(f V^*fiE#te&0 1 4fc* 
•To 

[0 1 0 1 ] 0 1 3tc*3v>r, r©z:&;tfv-<r*§:E[5]Bg 

(4, RAMI 4 0, W-v'^.^T KU-*38£S51 4 2, 1^ 
•^^14 4&U ? AD*S§1 4 6«r*-T5o 
[0102] RAM 140 fctt, 014 IcSSfffiiEx- 
*D (0) , D (4) . D (8) , -D (n) , D (n 

+ 4) , •••©^tei& | j$*i-c^.5o zommmiET-* 
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14, SSMfIEx-*75S#ffl£*t5. 0140Dnl44©f& 
S&rogc-efc'K 4©re&ropgi§&ro£iJix-*£\ 01 
4I^-TJ:5JC, D (0) , D (4) , D (8) , -, 
D (n) , D (n + 4) , • b%t\.X^Z> a 
[0 10 3] A^)®«X-^©4|ig^llRAMl 4 0 

roA^S^-r — ^©±ffi6 t*s/ KO^ri*, RAMI 4 0 

io [0 10 4] U-v 5 ** 1 4 4ICI4, 014t*ti»f 
A 2, A3, -, A 15, -tf&&l£tt2>o 

14, 2k-l«ro^7 r -^©^t?fei3, ^^.{4014 
rojS&f 1 (X) (D&flOlifflElEH-m, H#x*-*M4 
Al, A 2, A3©3S!g-efc5, 014CDB: 
i»f 2 (X) (D&mmiliM&.fflX'lt, ^#X~*f4A 
7, A8, A 9 <£> 3 3!8I"T?&> 5,014 rojS^ f 3 
(X) W«-Ki»fiffilEFflT-(4, ^#x-*I4A1 3, A 
14, A15©3iifJ)5. **16«-Cf±, & 

20 ^±ro«#^*5, A;«&T r --*<D4P£aS&<0{i£«riS 

mtftZo 014©A4, A5, A 6o*>M#-r-*i:, 
A 10, All, A 1 2(0i^f-?*i, J&l^&^tr 
4P8SiffiB©M#7 f -*i:ft5o &*>\ Wtem±V>$tft 
Artm&TWro4PgS§&©ftg<!:-§H- 

[0 10 5] iOV-^^ 1 4 4fi<E>#®^#x — <?Sr 
tt*U-f fcftfc, V5***T KV**£BB1 4 2riS|3:»4 
so PjttTV^ 0 ;©V-^^7 KU^384ffll 4 2J4, 8 
tfy hroA^Pifcx-^KS^t, ^-TSM^x*-* 

-^f4, AP^LlSl 4 6ICT, RAMI 4 0^e.»SSeM 

[0106] gcic, ror^v-^MiEisiKroKim^o 
40 t>T»Mi-5t» MittfHi 4^*5v^r» 4©fSf«t/j: 

RAMI 4 OtJ^SJS^jEx-^D (n) *S0E 
Z-mZtlZ— \s*J*.i>T K 1^^*4881 4 2t?»4 
rK^i»«4LftV». ftot, ADlLggl 4 6ri>lb«i* 
MiEr'-^D (ti) ;45ffi^$tL5o PS^ffl (n+1) W 
SiSix-^^-iSJc^v^MjElelKlcA^^nS.!:, RA 
Ml 4 O^fj&il^CSSSJglEx-^D (n) ^^l±S 
$jx, Vi/?.9T Y\s?.$t*M>l 4 2T-07 KV'^t-S 
-^Tl^*:? 1 4 4HS^7-^A 1 O^ttS^^iX 
bo 5. ftoT, ADgiSSl 4 6frbf±D (n) + A 1 O^ffi 
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[0 10 7] Z(Oio\^ **lfi«-CB:i:*jlf^«jE 

fflv^fclfs/ hSr«i"5wi:4<, IHRAM1 
4 0, l^** 1 4 4©R«**a*«J*L.Tl*6. 

yh^7h4fflV^t4<, #Hi»CDffi£teRAMl 4 

o, us?** i 4 4<z>tatttrtSiwj:oT^>*.ft^"e*5 

[0 10 8] ft*, fl^roaWtiE^-^ir^i-SA 

R AM l 4 0<DT K w*fg£&A^IIi«^--*<Z>— 

i\ w^BIHfi. 4PgSIS*^:«8PS3I^Sa-e& 

#<fttK RAM140^t^t^Hti)5e 

i/^^ 1 4 4 ©Sltff* Lt LS 5 ^5)"C Jb5. 
[0 10 9] ^^IC, ^<B5S*MttB9 (A) (B) <D 

[0 110] (ZUfcif ^*jEIHKo|B 5 *»«KoV^ 

*5^T, RAMI 4 O&t/iOjWSl 4 6ttHl 3tra — 
*fB«:W1-5 0 01 3G>Ui?x*T K^;*3B£gBl 4 2 
fttf>^?14 4l:ttit, m l 5 <D[H3gttTfBtf>« 

[0111] £i\ uv>** i soiWttb 

*U Hi 4fc*t#«lf 1 (x) , f 2 (X) , f 3 
(x) , •■•©|«W f -*G>5fc, at#A«r*tfl««ifi(H 
EWa^OKIB-COi/hOU^-* A 1, A 7, Al 
3, #S«««#f-^l, 2, 3-i LTiEtt 

[0112] ::t% l»fi (x) (D^ft^-* A l 

A 2 = 2 X A 1 — (1) 

A 3 = A 1 + A 2 — (2) 

[0 113] ' t A^fj, 01 5 l^-f J; 5 ft'h 
roi»7-?ii, A 7, A 1 3W^I-(Ofi&C0M^x— * 
^^■TS^^-^SI^gBl 5 2, 1 5 4. 1 5 6* 

«#7^-* (A 1, A 7XI4A 1 3) ?£r2^-*-2> 
tzlb<Di?y Y^y* 1 6 0 ;Wlfyh->7?160 
Offl^&Vffltx-^SriO^-rSiDjrSl 6 2 iSrW-T 
5„ t'y h>7* 1 6 2l4±fEtD5£ (1) ©Sl^ff 
V\ JJDm^l 6 2li±fE<DiS; (2) roJggSrfi^. 
[0114] i£i®fi]±or>it#ttifitf>ig#7 f -* A 4 ~ A 
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6, A 1 0~A 1 214, ftJMfitfcf-* 17 0 

iCte^ftTV^. *LT, M#7-*«J?g|51 6 0, 
1 6 2. 1 6 4~o=fr>* SMUgroM^-^i:, 

l^** 1 7 OT^Pj©^^— 
V^fu^-o©*^-* SriltR-f Si? V? 9 1 7 2 A? 

[oils] ^pjic, AJjmm?-9 tmn ; T-9 tfr 

±V9 9 1 7 2l£T^rftri>-ocD^#7 f -*£]S 
iRi-Sfefcro-feU'* h«#Srffl*-t-5®«*j»rSiJi 7 4 

[0 116] crolllfiW-isv^Tfc, 01 3roHJ6M<b 

mm?.. &\M.m<Dm.%%i'iSx9 1 5 0 -.©tatt^i- 
[0117] $p>iw x z.<nmi&wtem9 (a) (b) © 

tttt B to # V-vffiiE^- * £ * ft 5 IC t> j£JS "C £ 

[0118] («^«SS<offtpj) ±&0>gt%0!l<z>ttAft 
*gtt£fflv^«$£*i,S«^»3§»4, B2 0K*t* 

20 ^it^iw*2i 1000, SqMtttt&aiBB 1002, * 
^SEfbtassi 004, «S/^/niif©**/^/n 0 
06, * n y^Maisi 0 0 8fi.tfmaitHi8gi 0 1 0 

ft 5„ **1ttttfi:*7* 1 0 0 OH, RO 

m, RAM^^^^y, xn^t-^&i^iiaL-cttw-r 

5R|||5|8g#^£^^«j&£ft, ^ny^M^HlKl 

a&ta^-rso ss^wwaaHK 100211, * n 

y*3&£|Hj|&l 0 0 8^f3ro^n2/^(^S<3V^-C*^ 
SlSr«tSLT:tti*-t-5. wW^lf^AaSlHlKl 002 

30 14, iiBt^x-^jtiia^-Ki oiitra^fts. * 

^SESblB]^ 1 0 0 4 14, ±3$Lfcf«^S*#ffl#-K3 
OR, 3 0G, 3 OBdiDx-C, ^{BflfgftlllSS&tfx 
-*ffi!lSg»[II&£^T-lfjEifc£ft, «*/<*/H 0 0 6 
S. ®2I[a]ggl 0 1 014, ±jfi<7)#[Hl8SI- 

[oii9] z.<K>zotm&<»m!-®.mh t-c, 021 

C^tM/o^i^^, 02 2fw^i-^/Uf-y f-f7 
^•-y+^syfa-^ (PC) #i*£^Sf5C 

40 [0 1 2 0] 02 llC^H-j&Ps^nv'^im, t&t&M 

?*-efc>3, M^tf3«7'yXA^S;(03t^«rfflV>T 

[0 12 1] 0 2 1|C*JV^-C, T'nv'i^^llOO-e 
14, y H 1 0 2 75>P>#ttH£*ifc 

S^ftd^-f h^Kii04 ©rt»-e» 5 7- 

1 1 0 6jS£U2tiC(D9 , -4 ?us( $7-1 108t 
iotR, G, B(0 3Igfel^»tlbft, Zth^iKD&to 
W<&*&ffrtZ> 3&<Dfc£i'**'l'l 110 R, 1110 

so G*5<ttM 1 1 oBiw^ft^o *u-c, -eft^eftrojs 
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A/'tiM'l 1 1 OR, 111 OGiSottfl llOBia 
oTSf3;**tfcftM\ 94 9<*4 yi'T'i; XA1 1 1 2 

1 2tl4, l/S'KRfci^/i'-B©WS9 0'' tt»f5> 

9D — yG<Dyt&\M.iMi-z><z>X'&&<om&i> t -&!$.£ 

ft, S?>^1 l l 4*mLX*9 })->tek'\z*7 

[0 12 2102 2\C7Fis<— yt/l'ayifa- £ 1 2 
0 014, =*•-#— Kl 2 0 2 4r«xfc*(*gBl 2 0 4 

t , m&m^mm 1 2 0 6 1 &w-r 5. 

[0 12 3) ftSJ, *^^l4±IE^JS0'Jlw|®ife$^5'b 
[0 12 41 

[ssrofa^ifte^) 

[HI] a ? f\zmmL1tmMWX-$>i 

[0 2] — 0:^^-vMiE[H]K©RAM7 l -y>'H-fElt$ 

[0 3] -^V-^ffiiElBlKORAM-r-y/H-S^^ 
7LhftZ>^^ by* bitffi&my*—? 
iif-^ £Sfc9?-f-5fc*rol#te0-t?;fc5o 

[0 4 1 -&^Wffi]E[ElKroRAM7 1 -7'/HcS#«l 

SrlftW -T 5 * 0>$H40 -efc So 
[0 5 1 01 KKjg«£ftS?&lS? 

[0 6 1 0 5K^-&#V-r:ffi:E0&©RAM7 1 -:/ 
/H^IE1g$tl-5-»:^V-=i'«iE7 ? -^£Oi|#tt0t , fc5. 
[0 7] -ft, ^-vMiElHlK© R AMf-^rt 

fcAOffifigSr^-r^ b 9 0-C& 

So 
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